Benomyl, Vitavax and Terrazole: Systemic Fungicides Effective Against Rhizoctonia Solani (Kuehn) on Cotton Seedlings. by Al-beldawi, Abdul Settar
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1969
Benomyl, Vitavax and Terrazole: Systemic
Fungicides Effective Against Rhizoctonia Solani
(Kuehn) on Cotton Seedlings.
Abdul Settar Al-beldawi
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Al-beldawi, Abdul Settar, "Benomyl, Vitavax and Terrazole: Systemic Fungicides Effective Against Rhizoctonia Solani (Kuehn) on
Cotton Seedlings." (1969). LSU Historical Dissertations and Theses. 1572.
https://digitalcommons.lsu.edu/gradschool_disstheses/1572
This dissartatlon has bean 
micro film ad exactly as received 70-219
AL-BELDAW I, Abdul Settar, 1941- 
BENOMYL, VITA VAX AND TERRAZOLE: SYSTEMIC 
FUNGICIDES EFFECTIVE AGAINST RHIZOCTON1A 
SOLANI KUHN ON COTTON SEEDLINGS.
The Louisiana State U niversity and Agricultural and 
M echanical C ollege. PtuD.. 1969 
A gricu lture, plant pathology
University Microfilms, Inc., Ann Arbor, Michigan
BENOMYL, VITAVAX AND TERRAZOLE: SYSTEMIC FUNGICIDES
EFFECTIVE AGAINST RHTZOCTONIA SOLANI KUHN 
ON COTTON SEEDLINGS
A D i s s e r t a t i o n
S u b m i t t e d  t o  t h e  G r a d u a t e  F a c u l t y  o f  
t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  and 
A g r i c u l t u r a l  and  M e c h a n ic a l  C o l l e g e  
i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  
D o c to r  o f  P h i l o s o p h y
in
The D e p a r tm e n t  o f  B o tany  and P l a n t  P a t h o l o g y
by
Abdul S e t t a r  A l - B e l d a w i  
8 . S . ,  U n i v e r s i t y  o f  Baghdad, 1962 
M .S . ,  U n i v e r s i t y  o f  A r i z o n a ,  1966 
May, 1969
ACKNOWLEDGEMENTS
The w r i t e r  w i s h e s  t o  e x p r e s s  h i s  s i n c e r e  t h a n k s  t o  Dr.  J .  A. 
P i n c k a r d  u n d e r  whose g u i d a n c e  t h i s  work  was p e r f o r m e d .  A p p r e c i a t i o n  
i s  e x t e n d e d  to D r .  S .  J .  P. C h i l t o n ,  Chai rm an  o f  t h e  D e p a r tm en t  o f  
Botany  and  P l a n t  P a t h o l o g y ,  f o r  making  f a c i l i t i e s  a v a i l a b l e  f o r  t h i s  
r e s e a r c h .  Thanks  a r e  due t o  D r s .  N. L. H orn ,  M. T. H e n d e r s o n ,  and  
W. B i r c h f i e l d ,  members o f  t h e  c o m m i t t e e  f o r  h e l p f u l  c r i t i c i s m  i n  t h e  
f i n a l  p r e p a r a t i o n  o f  t h i s  d i s s e r t a t i o n .  A p p r e c i a t i o n  i s  e x p r e s s e d  
a l s o  t o  Dr .  B, R. F a r t h i n g  o f  t h e  D e p a r tm en t  o f  E x p e r i m e n t a l  S t a t i s t i c s  
f o r  h e l p  i n  t h e  s t a t i s t i c a l  a n a l y s i s .
S p e c i a l  t h a n k s  a r e  due to  Dr.  E. C. Tims,  Mr. fed 0 .  Ware,  and 
Mr. John  L. Ivey  f o r  a s s i s t a n c e  i n  p h o t o g r a p h y .  A p p r e c i a t i o n  i s  
e x p r e s s e d  a l s o  t o  M rs .  Peggy B, Denham f o r  h e r  h e l p  i n  t h e  p r e p a r a t i o n  
o f  t h e  m a n u s c r i p t  and to  Mr. A. I .  A l lam  f o r  h i s  h e l p  i n  c h r o m a t o g r a p h y  
and s t a t i s t i c s .
F i n a l l y  t h e  w r i t e r  e x p r e s s e s  h i s  g r a t i t u d e  to  t h e  Government  o f  
I r a q  f o r  i t s  f i n a n c i a l  s u p p o r t  t h r o u g h o u t  t h i s  s t u d y .  S p e c i a l  a p p r e ­
c i a t i o n  i s  e x t e n d e d  t o  t h e  w r i t e r ' s  w i f e ,  F i r d o u s ,  and t o  h i s  d a u g h t e r ,  
Nedda, f o r  t h e i r  m o r a l  s u p p o r t  and p a t i e n c e  d u r i n g  t h e  c o u r s e  o f  t h i s  




ACKNOWLEDGMENTS.............................................................................................................................  i i
LIST OF TABLES.................................................................. . ...............................................  V
LIST OF FIGURES.............................................................................................................................  l x
ABSTRACT .............................................................................................................................................  x
INTRODUCTION ............................................................................................................................ 1
C o t t o n  S e e d l i n g  D i s e a s e s  and t h e i r  Economic I m p o r t a n c e  . . .  4
LITERATURE REVIEW..................................................................................................................  9
Developm ent  o f  A n t i b i o t i c s  ......................................................................................  10
I n o r g a n i c  S a l t s .................................................................................................................... 13
Developm ent  o f  S y n t h e t i c  S y s t e m ic  Compounds ............................................... 14
MATERIALS AND METHODS............................................................................................................... 28
F u n g i c i d e s  U s e d .................................................................................................................  28
The T e s t  F u n g u s ...................................................................................................................  29
Seed S o u r c e ..............................................................................................................    29
L a b o r a t o r y  S tu d y  ..............................................................................................................  29
A G reen h o u se  T e c h n iq u e  to  E v a l u a t e  S y s t e m ic  F u n g i c i d e s  . . .  31
B i o a s s a y  S t u d i e s  to  D e te r m in e  t h e  S y s t e m ic  Movement o f
Benomyl,  V i t a v a x ,  and T e r r a z o l e  i n  C o t t o n  S e e d l i n g  . . . .  33
E f f e c t s  o f  Benomyl,  T e r r a z o l e ,  and V i t a v a x  on R. s o l a n !
i n  V i t r o .............................................................................................................................  36
F u n g i c i d e  V o l a t i l i t y  S t u d i e s  .................................................................................  37
S y s t e m ic  F u n g i c i d a l  Assay  by Means o f  P a p e r  C h ro m a to g rap h y  . 38
B i o a s s a y  S t u d i e s  o f  C h ro m a to g rap h ed  E x t r a c t s  from Benomyl-
T r e a t e d  and C o n t r o l  P l a n t s  .................................................................................  41
RESULTS........................................................................................................................................... 42
L a b o r a t o r y  S t u d i e s  ...................................................................................................  42
G reenhouse  S t u d i e s  ...................................................................................................  46
B l o a s s a y  S t u d i e s  t o  D e te r m in e  t h e  T r a n s l o c a l a b i l i t y  o f
Benomyl,  T e r r a z o l e ,  and V i t a v a x .......................................................................  63
I n  V i t r o  S t u d i e s ............................................................................................................... 75
F u n g i c i d e  V o l a t i l i t y  S t u d i e s  ..........................................................................  83
C h r o m a t o g r a p h i c a l  S t u d i e s ...........................................................................................  84 .
B i o a s s a y  S t u d i e s  o f  t h e  C h ro m a to g ra p h ed  E x t r a c t s  o f










1.  Mean (4 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  a t
s e v e r a l  i n t e r v a l s  a f t e r  i n o c u l a t i o n  w i t h  II. s o l a n i  and
show ing  d e g r e e  o f  p h y t o t o x i c i t y  c a u s e d  by Benomyl w i t h
t h e  f l a s k  t e c h n i q u e .................................................................................................  43
2 . Mean (4 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  a t
s e v e r a l  i n t e r v a l s  a f t e r  i n o c u l a t i o n  w i t h  II. s o l a n i  and
s how ing  d e g r e e  o f  p h y t o t o x i c i t y  c a u s e d  by Benomyl w i t h
t h e  f l a s k  t e c h n i q u e .................................................................................................. 44
3 .  Mean (4 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  a t
s e v e r a l  i n t e r v a l s  a f t e r  i n o c u l a t i o n  w i t h  R. s o l a n i  and
show ing  d e g r e e  o f  p h y t o t o x i c i t y  c a u s e d  by T e r r a z o l e  w i t h
t h e  f l a s k  t e c h n i q u e .................................................................................................  48
4 .  Mean (3 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  h a l f  
o f  which  w e re  i n o c u l a t e d  and  h a l f  were  n o t ,  grown i n  
a u t o c l a v e d  f i e l d  s o i l  t r e a t e d  w i t h  Benomyl a t  v a r i o u s  
c o n c e n t r a t i o n s ,  r e s p e c t i v e l y ..........................................................................  50
5 .  Mean (3 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  h a l f  
o f  wnich  w ere  i n o c u l a t e d  and h a l f  w e re  n o t ,  g rown i n  
a u t o c l a v e d  f i e l d  s o i l  t r e a t e d  w i t h  V i t a v a x  a t  v a r i o u s  
c o n c e n t r a t i o n s ,  r e s p e c t i v e l y ..........................................................................  53
6 .  E f f e c t  o f  v a r i o u s  r a t e s  o f  V i t a v a x ,  a s  a s o i l  t r e a t m e n t ,
on  t h e  g ro w th  o f  c o t t o n  s e e d l i n g  t a p  r o o t s .........................................  56
7 .  Mean (3 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  h a l f  
o f  which  w ere  i n o c u l a t e d  and  h a l f  were  n o t ,  grown i n  
a u t o c l a v e d  f i e l d  s o i l  t r e a t e d  w i t h  T e r r a z o l e  a t  v a r i o u s  
c o n c e n t r a t i o n s ,  r e s p e c t i v e l y ...........................................................  59
8 .  E f f e c t  o f  v a r i o u s  r a t e s  o f  T e r r a z o l e ,  a s  a s o i l  t r e a t m e n t ,
on  t h e  g ro w th  o f  c o t t o n  s e e d l i n g  t a p  r o o t s .........................................  61
9 .  E f f e c t  o f  t i s s u e  f i l t r a t e s  i n c o r p o r a t e d  i n  PDA on g row th
o f  II. s o l a n i  and P.  d ebaryanum  i n  a b i o a s s a y  t e s t  t o  
d e t e c t  t h e  p r e s e n c e  o f  T e r r a z o l e  i n  t h e  u p p e r  p a r t s  o f
r o o t — t r e a t e d  p l a n t s ..............................................................................................  67
10 .  E f f e c t  o f  t i s s u e  f i l t r a t e s  i n c o r p o r a t e d  i n  PDA on  g row th  
o f  R. s o l a n i  and  P.  debaryanum  i n  a  b i o a s s a y  t e s t  t o  
d e t e c t  t h e  p r e s e n c e  o f  T e r r a z o l e  i n  t h e  u p p e r  p a r t s  o f  
r o o t  — t r e a t e d  p l a n t s ..............................................................................................  70
v
TABLE Page
IX. E f f e c t  o f  t i s s u e  f i l t r a t e s  i n c o r p o r a t e d  i n  PDA on g row th  
o f  R. s o l a n i  and JP. debaryanum  i n  a b i o a s s a y  t e s t  t o  
d e t e c t  t h e  p r e s e n c e  o f  T e r r a z o l e  i n  t h e  u p p e r  p a r t s  o f  
r o o t - t r e a t e d  p l a n t s  ....................................................................................................  72
12. Mean (4 r e p s . )  r a d i a l  g r o w t h ,  i n  cm o f  R. s o l a n i  on  
PDA e i t h e r  w i t h o u t  o r  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f
B e n o m y l ................................................................................................................................  76
13. Mean (4 r e p s . )  r a d i a l  g r o w t h ,  i n  cm o f  D. g o s s y p i n a  on
PDA e i t h e r  w i t h o u t  o r  w i t h  v a r i o u s  r a t e s  o f  Benomyl . . . .  77
14. Mean (4 r e p s . )  r a d i a l  g r o w t h ,  i n  cm o f  R. s o l a n i  on 
PDA e i t h e r  w i t h o u t  o r  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  
T e r r a z o l e  . . . . . . . .  .......................................................................................  79
15. Mean (4 r e p s . )  r a d i a l  g r o w th ,  i n  cm o f  R. s o l a n i  on  
PDA e i t h e r  w i t h o u t  o r  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f
V i t a v a x ...........................................................................................................................* 61
16. Rf v a l u e s  (cm) o f  p u r e  Benomyl ( s t a n d a r d )  c o n t r o l  and
e x t r a c t  p l a n t  s a p  f rom 1 0 - d a y - o l d  B e n o m y 1 - t r e a t e d  and
c o n t r o l  p l a n t  t i s s u e s  o b t a i n e d  i n  7 s o l v e n t  s y s t e m s  by
T L C ..........................................................................................................................................  85
17. E f f e c t  o f  Benomyl r e c o v e r e d  by c h r o m a to g r a p h y  i n  a
b i o a s s a y  t e s t ,  on g ro w th  o f  R. s o l a n i  on  PDA....................................  91
18. Rf v a l u e s  (cm) o f  p u r e  V i t a v a x  ( s t a n d a r d )  and  e x t r a c t e d  
p l a n t  s a p  from 5 - d a y - o l d  V i t a v a x - t r e a t e d  and c o n t r o l  




1 .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by
Benomyl u s i n g  t h e  f l a s k  t e c h n i q u e .........................................................  45
2. H y p o c o t y l s  o f  c o t t o n  s e e d l i n g s  grown i n  v a r i o u s  c o n ­
c e n t r a t i o n s  o f  Benomyl showing  p h y t o t o x i c i t y ............................. . 47
3. P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by
T e r r a z o l e  u s i n g  t h e  f l a s k  t e c h n i q u e  .................................................. 49
4 .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by
Benomyl a s  a  s o i l  t r e a t m e n t .....................................................................  51
5. P h y t o t o x i c  e f f e c t  o f  Benomyl a s  a s o i l  t r e a t m e n t  on
c o t t o n  s e e d l i n g s ................................................................................................... 51
6 .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by
V i t a v a x  a s  a s o i l  t r e a t m e n t .....................................................................  54
7 .  P h y t o t o x i c  e f f e c t  o f  V i t a v a x  a s  a s o i l  t r e a t m e n t  on
c o t t o n  s e e d l i n g s ................................................................................................... 54
8 .  P h y t o t o x i c  e f f e c t  o f  v a r i o u s  r a t e s  o f  V i t a v a x ,  a s  a
s o i l  t r e a t m e n t ,  on  g row th  o f  c o t t o n  s e e d l i n g s  .........................  57
9 .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by
T e r r a z o l e  a s  a s o i l  t r e a t m e n t ................................................................  60
10. P h y t o t o x i c  e f f e c t  o f  T e r r a z o l e  as  a  s o i l  t r e a t m e n t  on
c o t t o n  s e e d l i n g s ...................................................................................................  60
11 .  P h y t o t o x i c  e f f e c t  o f  v a r i o u s  r a t e s  o f  T e r r a z o l e ,  a s  a
s o i l  t r e a t m e n t ,  o n  g row th  o f  c o t t o n  s e e d l i n g s  .........................  62
12. I n h i b i t i o n  o f  g ro w th  o f  D. g o s s y p i n a  by t h e  p r e s e n c e
o f  Benomyl i n  l e a f  d i s c s  o f  t r e a t e d  p l a n t s ...................................  64
13.  I n h i b i t i o n  o f  g ro w th  o f  D. g o s s y p i n a  by t h e  p r e s e n c e
o f  Benomyl i n  l e a f  d i s c s  o f  t r e a t e d  p l a n t s .................................... 64
14. I n h i b i t i o n  o f  g ro w th  o f  D. g o s s y p i n a  by t h e  p r e s e n c e
o f  Benomyl i n  l e a f  d i s c s  o f  t r e a t e d  p l a n t s .................................... 65
15.  I n h i b i t i o n  o f  g ro w th  o f  D. g o s s y p i n a  by t h e  p r e s e n c e
o f  Benomyl i n  l e a f  d i s c s  o f  t r e a t e d  p l a n t s .................................... 65 .
vii
FIGURE Page
16. I n h i b i t i o n  o f  g ro w th  o f  D. g o s s y p i n a  by t h e  p r e s e n c e
o f  Benomyl i n  l e a f  d i s c s  o f  t r e a t e d  p l a n t s ........................................  66
17. C u l t u r e  p l a t e s  showing  t h e  d i f f e r e n c e  i n  g ro w th  o f
P. d ebaryanum  and R. s o l a n i  o n  PDA c o n t a i n i n g  t i s s u e  
f i l t r a t e s  from a  10 g sam p le  o f  s tem s  and l e a v e s  o f  
T e r r a z o l e - t r e a t e d  s e e d l i n g s .  T i s s u e  f i l t r a t e s  were  
t a k e n  7 d a y s  a f t e r  T e r r a z o l e  had  b e e n  a p p l i e d  t o  t h e
s o i l ...................................................................................................................................... 68
18. C u l t u r e  p l a t e s  showing  t h e  d i f f e r e n c e  i n  g r o w th  o f
P- d ebaryanum  and R. s o l a n i  on PDA c o n t a i n i n g  t i s s u e  
f i l t r a t e s  from a  10 g sam p le  o f  s t e m s  and l e a v e s  o f  
T e r r a z o l e - t r e a t e d  s e e d l i n g s .  T i s s u e  f i l t r a t e s  were  
t a k e n  14 d ay s  a f t e r  T e r r a z o l e  had b e e n  a p p l i e d  to t h e  
s o i l ......................................................................................................................
19 .  C u l t u r e  p l a t e s  show ing  t h e  d i f f e r e n c e  i n  g row th  o f
P. d ebaryanum  and  R. s o l a n i  on  PDA c o n t a i n i n g  t i s s u e  
f i l t r a t e s  f rom a  5 g sam ple  o f  s t em s  and l e a v e s  o f  
T e r r a z o l e - t r e a t e d  s e e d l i n g s .  T i s s u e  f i l t r a t e s  were  
Laken 14 d a y s  a f t e r  T e r r a z o l e  had been a p p l i e d  t o  t h e  
s o i l ......................................................................................................................
20.  I n h i b i t i o n  o f  g ro w th  o f  R. s o l a n i  by V i t a v a x  o r  by a
f u n g i t o x i c  s u b s t a n c e  p r e s e n t  i n  t h e  h y p o c o t y l s  o f
V i t a v a x - t r e a t e d  p l a n t s .........................................................................................  74
21. E f f e c t  o f  v a r i o u s  r a t e s  o f  Benomyl,  i n c o r p o r a t e d  i n
PDA, on t h e  g row th  o f  R. s o l a n i ..................................................................   78
22. E f f e c t  o f  v a r i o u s  r a t e s  o f  Benomyl,  i n c o r p o r a t e d  i n
PDA, on t h e  g row th  o f  D. g o s s y p i n a ........................................... 78
23 E f f e c t  o f  v a r i o u s  r a t e s  o f  T e r r a z o l e ,  i n c o r p o r a t e d  i n
PDA, on t h e  g row th  o f  R. s o l a n i ................................................ 80
24. E f f e c t  o f  v a r i o u s  r a t e s  o f  V i t a v a x ,  I n c o r p o r a t e d  i n
PDA, on t h e  g row th  o f  R. s o l a n i ................................................ 82
25. Chromatograms showing  c o r r e s p o n d i n g  s p o t s  from p u r e
Benomyl and  from a n  e x t r a c t  o f  B e n o m y l - t r e a t e d  p l a n t s  . . .  86
26. Chromatograms  showing  c o r r e s p o n d i n g  s p o t s  from p u r e





27. Chromatograms show ing  c o r r e s p o n d i n g  s p o t s  from p u r e
Benomyl and f rom an e x t r a c t  o f  B e n o m y l - t r e a t e d  p l a n t s  . . .  88
28. A c h ro m a to g ra m  d e v e l o p e d  i n  m e th a n o l  showing  c o r r e s p o n d ­
in g  s p o t s  from p u r e  Benomyl and from an  e x t r a c t  o f  
B e n o m y l - t r e a t e d  p l a n t s .............................................................................................  89
29.  C u l t u r e  p l a t e s  showing  t h e  d e g r e e  o f  R. s o l a n i  g row th  
on PDA e i t h e r  w i t h  o r  w i t h o u t  t h e  r e c o v e r e d  Benomyl
from t h e  c h ro m a to g ra m s  i n  a  b i o a s s a y  t e s t ........................................  92
30. Chromatograms showing  c o r r e s p o n d i n g  s p o t s  from p u r e
V i t a v a x  and  from an  e x t r a c t  o f  V i t a v a x - t r e a t e d  p l a n t s  . . .  94
31. Chromatograms show ing  c o r r e s p o n d i n g  s p o t s  from p u r e
V i t a v a x  and  from an e x t r a c t  o f  V i t a v a x - t r e a t e d  p l a n t s  . . .  95
32. Chromatograms show ing  c o r r e s p o n d i n g  s p o t s  from p u r e
V i t a v a x  and  from an e x t r a c t  o f  V i t a v a x - t r e a t e d  p l a n t s  . . .  96
33. Chromatogram d e v e l o p e d  i n  m e t h a n o l - a c e t o n e  ( 2 : 8  v / v )  
showing  c o r r e s p o n d i n g  s p o t s  from p u r e  V i t a v a x  and  from
an  e x t r a c t  o f  V i t a v a x - t r e a t e d  p l a n t s ....................................................... 97
ix
ABSTRACT
The p u r p o s e  o f  t h i s  s t u d y  was t o  e v a l u a t e  Benomyl,  T e r r a z o l e ,  and 
V i t a v a x  a s  s y s t e m i c  f u n g i c i d e s  t o  c o n t r o l  t h e  s o r e s h i n  d i s e a s e  o f  c o t t o n  
(Cossyp ium  h i r s u t u m  L . )  c a u s e d  b y  R h i z o c t o n i a  s o l a n i  Kuhn. S e e d l i n g s  
grown i n  a q u e o u s  s u s p e n s i o n s  o f  Benomyl w ere  p r o t e c t e d  f o r  a t  l e a s t  15 
days  w h i l e  t h e i r  r o o t s  w e re  immersed i n  c o n c e n t r a t i o n s  o f  5 ,  10,  2 0 ,  4 0 ,  
and 80 ppm.
R e s u l t s  o f  t e s t i n g  T e r r a z o l e  i n  t h e  same manner  showed t h a t  t h i s  
compound s y s t e m i c a l l y  c o n t r o l l e d  R. s o l a n i  on  c o t t o n  s e e d l i n g s  grown i n  
a q u eo u s  s u s p e n s i o n s  a t  c o n c e n t r a t i o n s  o f  30 ,  4 0 ,  5 0 ,  6 0 ,  and 70 ppm,
Benomyl,  T e r r a z o l e ,  and  V i t a v a x  w e re  t e s t e d  a s  s o i l  t r e a t m e n t s  i n  
t h e  g r e e n h o u s e .  R e s u l t s  w i t h  Benomyl i n d i c a t e d  t h a t  t h i s  f u n g i c i d e  
s y s t e m i c a l l y  p r o t e c t e d  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  a t  c o n c e n ­
t r a t i o n s  a s  low as  40  ppm. With  a c o n c e n t r a t i o n  a s  low as  50 ppm o f  
V i t a v a x  a  h i g h  p e r c e n t a g e  o f  h e a l t h y  s e e d l i n g s  was o b t a i n e d .  H i g h e r  
amounts  o f  T e r r a z o l e ,  a s  compared  t o  Benomyl and  V i t a v a x ,  w e re  r e q u i r e d  
t o  c o n t r o l  t h e  p a t h o g e n .  The h i g h e s t  p e r c e n t a g e  o f  d i s e a s e  c o n t r o l  was 
a c h i e v e d  a t  160 ppm. U n f o r t u n a t e l y ,  T e r r a z o l e  e x h i b i t e d  s e v e r e  p h y t o ­
t o x i c i t y  a t  t h e  same r a t e s  a t  w h ich  i t  c o n t r o l l e d  R. s o l a n i . F h y t o -  
t o x l c i t y ,  m a n i f e s t e d  a s  s t u n t i n g  i n  t h e  g ro w th  o f  c o ' t o n  s e e d l i n g s ,  
o c c u r r e d  on  p l a n t s  grown i n  s o i l  c o n t a i n i n g  50 ,  1 0 0 ,  200 ,  and 400 ppm 
V i t a v a x .  Benomyl was n o t  t o x i c  t o  c o t t o n  s e e d l i n g s ,  a t  l e a s t  a t  t h e  
c o n c e n t r a t i o n s  u s e d  ( 5 - 1 6 0  ppm).
T h ese  g r e e n h o u s e  and  l a b o r a t o r y  s t u d i e s  h a v e  g i v e n  i n d i r e c t  e v i ­
d e n c e  o f  t h e  u p t a k e  and  t r a n s l o c a t i o n  o f  t h e s e  f u n g i c i d e s  i n  c o t t o n  
s e e d l i n g s .
x
I t  was f o u n d  t h r o u g h  t h e  c o u r s e  o f  t h i s  work  t h a t  D t p l o d l a  
g o s s y p i n a  C ke .  and P y th ium  d ebaryanum  H e s s e ,  were  v e r y  s e n s i t i v e  t o  
Benomyl and  T e r r a z o l e ,  r e s p e c t i v e l y .  Fo r  t h i s  r e a s o n ,  t h e y  were  
employed i n  t h e  b i o a s s a y  s t u d i e s  to  d e t e c t  t h e  s y s t e m i c  a c t i v i t y  o f  
Benomyl and T e r r a z o l e ,  r e s p e c t i v e l y .
N e i t h e r  V i t a v a x  n o r  Benomyl was s u f f i c i e n t l y  v o l a t i l e  t o  be  t o x i c  
t o  Jl.  s o l a n i  a t  room t e m p e r a t u r e ,  w h e re a s  t h e  v a p o r  o f  T e r r a z o l e  was 
t o x i c .
I n  v i t r o  s t u d i e s  showed t h a t  Benomyl,  T e r r a z o l e ,  and  V i t a v a x  
a c t e d  d i r e c t l y  o n  FI. s o l a n i  and  were  f u n g i s t a t i c  i n  a c t i o n  r a t h e r  t h a n  
f u n g i t o x i c .
Chroma t o g r a p h i c a l  s t u d i e s  on  Benomyl and  V i t a v a x  p r o v i d e d  a d d i ­
t i o n a l  e v i d e n c e  t h a t  t h e s e  compounds e n t e r  t h e  p l a n t ,  and a r e  t r a n s ­
l o c a t e d .  Of t h e  two m a t e r i a l s  s t u d i e d  o n l y  V i t a v a x  showed e v i d e n c e  
o f  d e g r a d a t i o n .
xi
INTRODUCTION
Long b e f o r e  t h e  dawn o f  W e s t e r n  c i v i l i z a t i o n  I n d i a n s ,  G r e e k s  and 
Romans made e x t e n s i v e  u s e  o f  v a r i o u s  p l a n t  p a r t s  and t h e i r  e x t r a c t s  t o  
c u r e  many human d i s e a s e s .  T h i s  method o f  c u r i n g  human d i s e a s e s  by 
t h e  i n g e s t i o n  o f  p l a n t  p a r t s  and t h e i r  e x t r a c t s  i s  known a s  " i n t e r n a l  
m e d i c i n e "  o r  " c h e m o t h e r a p y . "  From t h a t  t i m e ,  c h e m o t h e r a p y  h a s  become 
t h e  t r e a t m e n t  w h ic h  was m os t  f r e q u e n t l y  u s e d  i n  human and a n i m a l  c a r e .
T hose  c o n c e r n e d  w i t h  p l a n t  d i s e a s e  h a v e  a lw ay s  b e e n  a t t r a c t e d  by 
t h e  p o s s i b i l i t y  t h a t  d i s e a s e d  p l a n t s  m ig h t  be  c u r e d  t h r o u g h  t h e  i n t r o ­
d u c t i o n  o f  c h e m i c a l s  i n t o  t h e  h o s t .  I n  p l a n t  p a t h o l o g y ,  h o w e v e r ,  
c o n t r o l  w i t h  p r e v e n t i v e  a g e n t s  i s  s t i l l  p r e v a l e n t .  T h a t  p l a n t  chemo­
t h e r a p y  r e m a in e d  i n  t h e  b a c k g r o u n d  h a s  t o  b e  a s c r i b e d  on th e  one hand  
t o  t h e  r a p i d  d e v e lo p m e n t  o f  p r e v e n t i v e  compounds ,  and on t h e  o t h e r  t o  
t h e  h i g h e r  r e q u i r e m e n t s  made on c h e m o t h e r a p e u t a n t s .
I n  t h e  l a s t  25 y e a r s ,  h o w e v e r ,  much i n t e r e s t  h a s  b e en  f o c u s e d  
on c h e m o t h e r a p y .  The d i s c o v e r y  o f  t h e  s y s t e m i c  i n s e c t i c i d e s  h a s  i n t e n ­
s i f i e d  t h e  r e s e a r c h  w i t h  s u b s t a n c e s  t h a t  a r e  s y s t e m i c  and  w h ic h  e f f e c t  
f u n g i  and b a c t e r i a  t h a t  c a u s e  p l a n t  d i s e a s e .  In  c o m p a r in g  t h e  f i e l d  
o f  t h e  a p p l i c a t i o n  o f  c o n v e n t i o n a l  p r e v e n t i v e  f u n g i c i d e s  w i t h  t h a t  o f  
c h e m o t h e r a p e u t a n t s  i t  w i l l  become c l e a r  t h a t  t h e  l a t t e r  h a s  a  much 
w i d e r  r a n g e  o f  u s e s .  When p r e v e n t i v e  s u b s t a n c e s  a r e  a p p l i e d ,  o n l y  
a e r i a l  p a r t s  a r e  p r o t e c t e d .  They c a n n o t  e r a d i c a t e  a p a t h o g e n  e s t a b l i s h e d  
w i t h i n  t h e  p l a n t  t i s s u e s ,  do n o t  p r o t e c t  t h e  p l a n t  p a r t s  m i s s e d  d u r i n g  
t h e  s p r a y i n g  o r  t h o s e  p r o d u c e d  s u b s e q u e n t l y ,  and c a n n o t  r e a d i l y  b e  u s e d
t o  p r o t e c t  r o o t s  f rom i n v a s i o n  by  s o i l - b o r n e  p a t h o g e n s .  The c a s e s  i n  
w h ic h  p r e v e n t i v e  f u n g i c i d e s  c a n n o t  b e  u s e d  a r e  num erous .  Two ex am p les  
a r e  d i s e a s e s  o f  r o o t  s y s t e m s  and v a s c u l a r  w i l t s .  B ecau se  o f  t h e  l i m i ­
t a t i o n s  o f  n o n m o b i le  f u n g i c i d e s  w h ic h  h a v e  lo n g  been  r e a l i z e d  a n  
e x t e n s i v e  s e a r c h  f o r  c h e m i c a l s  c a p a b l e  o f  b e i n g  t r a n s l o c a t e d  f rom  
t h e i r  s i t e  o f  a p p l i c a t i o n  t o  o t h e r  p l a n t  p a r t s  h a s  b e e n  made.
T h e re  i s  d i s c r e p a n c y  i n  t h e  l i t e r a t u r e  w i t h  r e s p e c t  t o  t h e  t e r m s :  
" c h e m o t h e r a p e u t a n t "  and " s y s t e m i c  f u n g i c i d e . "  Some a u t h o r s  h a v e  u s e d  
t e r m s  i n t e r c h a n g e a b l y .  Dimond, D a v i s ,  Chapman and S t o d d a r d  (47)  
d e f i n e d  p l a n t  c h e m o t h e r a p y  a s  " t h e  c o n t r o l  o f  p l a n t  d i s e a s e s  b y  com­
p o u n d s  t h a t ,  t h r o u g h  t h e i r  e f f e c t  upon t h e  h o s t  o r  p a t h o g e n  r e d u c e d  
o r  n u l l i f i e d  t h e  e f f e c t  o f  t h e  p a t h o g e n  a f t e r  i t  e n t e r e d  t h e  p l a n t . "
The compound t h a t  i n i t i a t e s  t h i s  e f f e c t ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  
i s  c a l l e d  a c h e m o t h e r a p e u t a n t  ( 4 7 ) .  C rem lyn  (27)  d e f i n e d  a  s y s t e m i c  
f u n g i c i d e  a s  a compound w h ich  i s  t a k e n  up by  t h e  p l a n t  and t r a n s ­
l o c a t e d  w i t h i n  t h e  p l a n t  s y s t e m  and e i t h e r  p r o t e c t i n g  i t  f rom  a t t a c k  
by  p a t h o g e n i c  f u n g i ,  o r  l i m i t i n g  an a l r e a d y  e s t a b l i s h e d  i n f e c t i o n .
An e x a m i n a t i o n  o f  t h i s  d e f i n i t i o n  i n d i c a t e s  a c l o s e  a g r e e m e n t  w i t h  
t h e  d e f i n i t i o n  o f  s y s t e m i c  c h e m o t h e r a p e u t a n t  s u g g e s t e d  by  H o r s f a l l  
( 9 8 ) ,  The t e r m  " s y s t e m i c  f u n g i c i d e "  h o w e v e r ,  g i v e s  t h e  c o n n o t a t i o n  
t h a t  t h e  compound i s  t r a n s l o c a t e d  i n  t h e  p l a n t  and o n l y  a c t s  d i r e c t l y  
on t h e  p a t h o g e n .  T h u s ,  a s y s t e m i c  f u n g i c i d e  i s  a c h e m o t h e r a p e u t a n t  b u t  
n o t  v i c e - v e r s a .  The compound,  h o w e v e r ,  may a c t  e i t h e r  a s  a p r o t e c t a n t  
o r  an c r a d i c a n t  i n  t h e  h o s t  t i s s u e .
What i s  r e q u i r e d  f o r  c o m b a t in g  a d i s e a s e  by  c h e m o t h e ra p y  i s  r e l a t e d  
t o  t h e  p o r t i o n  o f  t h e  p l a n t  a f f e c t e d  ( 4 5 ) ,  C h e m o t h e r a p e u t a n t s  may be
d i v i d e d  i n t o  two g e n e r a l  g r o u p s  b a s e d  on  t h e i r  a b i l i t y  t o  b e  t r a n s ­
l o c a t e d  i n  t h e  p l a n t :  (a )  t o p i c a l  c h e m o t h e r a p e u t a n t s , o r  (b )  s y s t e m i c
c h e m o t h e r a p e u t a n t s .  T o p i c a l  c h e m o t h e r a p e u t a n t s  a r e  t h o s e  compounds 
t h a t  a c t  w i t h i n  t h e  a r e a  o f  a p p l i c a t i o n  b u t  a r e  n o t  t r a n s l o c a t e d  i n  
t h e  p l a n t .  S y s t e m ic  c h e m o t h e r a p e u t a n t s  a r e  t h o s e  compounds w h ic h  a r e  
t r a n s l o c a t e d  f r e e l y  i n  t h e  p l a n t .
The o b j e c t i v e  o f  p l a n t  c h e m o t h e r a p y  i s  t h e  c o n t r o l  o f  p l a n t  
d i s e a s e s  i n  an  e f f i c i e n t  m a n n e r  a t  r e a s o n a b l e  c o s t s  by  compounds t h a t  
a c t  w i t h i n  t h e  p l a n t  ( 4 5 ) .  T hese  compounds m u s t  p e r m e a t e  r e a d i l y  i n t o  
p l a n t  c e l l s  w i t h o u t  i n j u r i n g  them ,  t r a n s l o c a t e  r e a d i l y ,  b e  t o x i c  t o  t h e  
p a t h o g e n  b u t  n o t  t h e  h o s t ,  o r  r e a c t  i n  b i o c h e m i c a l  s y s t e m s  o f  t h e  h o s t  
t o  i n c r e a s e  i t s  r e s i s t a n c e  t o  i n f e c t i o n  w i t h o u t  u n d e s i r a b l e  s i d e  
e f f e c t s  ( 4 9 ) .  These  u n i q u e  r e q u i r e m e n t s  h a v e  impeded t h e  a d v an c e m en t  
i n  d e v e l o p i n g  s y s t e m i c  compounds f o r  c o n t r o l  o f  p l a n t  d i s e a s e s .
R e s e a r c h  so f a r  h a s  s u g g e s t e d  t h r e e  m a j o r  m echan ism s  o f  p l a n t  
c h e m o t h e r a p y .  T hese  a r e  t h a t  t h e  compounds:  (a )  a c t  d i r e c t l y  on t h e
p a t h o g e n ;  (b )  n e u t r a l i z e  a t o x i n  p r o d u c e d  by  t h e  p a t h o g e n ,  o r  ( c )  a c t  
on  t h e  h o s t  p l a n t  t o  i n c r e a s e  I t s  r e s i s t a n c e  t o  d i s e a s e  (4 7 ,  4 9 ,  9 9 ,
98) .
The p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  w h e t h e r  o r  n o t  Benomyl 
(D -1 9 9 1 ) ,  T e r r a z o l e  and  V i t a v a x  a r e  t r u e  s y s t e m i c  f u n g i c i d e s  c a p a b l e  
o f  c o n t r o l l i n g  t h e  s o r e s h i n  d i s e a s e  o f  c o t t o n  c a u s e d  b y  K h l z o c t o n l a  
s o l a n i  Kuhn. The i n v e s t i g a t i o n s  w e re  c a r r i e d  on  w i t h  t h e  f o l l o w i n g  
p o i n t s  i n  m ind :
a )  D e t e r m i n a t i o n  o f  t h e  q u a n t i t a t i v e  u p t a k e  and  s y s t e m i c
movement o f  Benomyl and  T e r r a z o l e  and  t h e i r  c h e m o t h e r a p e u t i c
e f f e c t s  i n  t h e  c o n t r o l  o f  R. s o l a n i  on c o t t o n  s e e d l i n g s  
grown i n  c u l t u r e  s o l u t i o n s  i n  t h e  l a b o r a t o r y .
b )  E v a l u a t i o n  o f  Benomyl,  T e r r a z o l e  and V i t a v a x  f o r  t h e  s y s t e m i c  
a c t i v i t y  a g a i n s t  R. s o l a n i  i n  c o t t o n  s e e d l i n g s  f o l l o w i n g  t h e  
a p p l i c a t i o n  o f  e a c h  o f  t h e s e  compounds t o  t h e  s o i l  i n  t h e  
g r e e n h o u s e .
c )  E x p l o r e  t h e  p h y t o t o x i c  e f f e c t  o f  e a c h  o f  t h e s e  compounds on 
c o t t o n  s e e d l i n g s  i n  t h e  g r e e n h o u s e  and l a b o r a t o r y .
d )  I n v e s t i g a t e  t h e  d i r e c t  e f f e c t  o f  t h e  above compounds on t h e  
g r o w th  o f  R. s o l a n i  i n  v i t r o .
e )  A p p l i c a t i o n  o f  p r o p e r  b i o a s s a y  t e c h n i q u e s  t o  d e t e c t  t h e  
p r e s e n c e  o f  Benomyl,  T e r r a z o l e  o r  V i t a v a x  i n  t i s s u e  from 
p l a n t s  grown i n  s o i l s  t r e a t e d  w i t h  t h e s e  m a t e r i a l s .
f )  C hem ica l  d e t e c t i o n  o f  t h e  compounds w i t h i n  t h e  p l a n t  t i s s u e s  
by c h r o m a t o g r a p h y  o f  p l a n t  e x t r a c t s .
C o t t o n  S e e d l i n g  D i s e a s e s  and T h e i r  Economic I m p o r t a n c e :
C o t t o n  s e e d l i n g s  a r e  s u b j e c t e d  t o  a t t a c k  by s e v e r a l  f u n g a l  and 
b a c t e r i a l  p a t h o g e n s ,  e s p e c i a l l y  when s o i l  t e m p e r a t u r e s  a r e  low and wet 
w e a t h e r  p r e v a i l s  f o l l o w i n g  p l a n t i n g .  Some o f  t h e s e  p a t h o g e n s  a r e  s u f ­
f i c i e n t l y  v i r u l e n t  t o  c a u s e  s e v e r e  d a m p i n g - o f f  which  n e c e s s i t a t e s  
r e p l a n t i n g  t o  s e c u r e  s a t i s f a c t o r y  s t a n d s .  A c c o r d i n g  t o  N e a l  (123)  t h e  
a d d i t i o n a l  e x p e n s e  f o r  r e p l a n t i n g  i n c l u d i n g  t h e  p r i c e  o f  t h e  seed  and 
added l a b o r  may be  a s  h i g h  a s  15 p e r  c e n t  o f  t h e  t o t a l  p l a n t i n g  c o s t .
Among t h o s e  p a t h o g e n s  w h ich  c a u s e  c o n s i d e r a b l e  l o s s e s  t o  c o t t o n  
i s  R. s o l a n i . The d i s e a s e  i n c i t e d  by t h i s  o r g a n i s m  i s  c a l l e d  c o t t o n  
s o r e  s h i n  o r  d a m p i n g - o f f .  The f i r s t  r e p o r t  o f  s o r e s h i n  on c o t t o n  c a u s e d
by R h i z o c t o n i a  s p .  was made i n  1895 by  A t k i n s o n  ( 7 ) .  P e l t i e r  (126) 
m e n t io n e d  t h a t  E d g e r t o n  d e s c r i b e d  t h e  d i s e a s e  on L o u i s i a n a  c o t t o n  i n  
1911. The d i s e a s e  o c c u r s  t h r o u g h o u t  t h e  c o t t o n  b e l t  and i t  i s  c o n ­
s i d e r e d  t o  be  t h e  most  s e r i o u s  s e e d l i n g  d i s e a s e  o f  c o t t o n  i n  Oklahoma, 
T e x a s ,  and W e s te r n  S t a t e s .  I t  i s  a l s o  f r e q u e n t l y  p r e v a l e n t  and d e s t r u c ­
t i v e  i n  t h e  M i s s i s s i p p i  t e r r a c e  and d e l t a  s o i l s  of A r k a n s a s ,  L o u i s i a n a ,  
M i s s i s s i p p i  and W e s te r n  T e n n e s s e e ,  and  i n  o t h e r  h e a v i e r  s o i l s  o f  t h e  
m id d le  S o u th  ( 1 2 3 ) .  P i n c k a r d  and C h i l t o n  (131 )  s t a t e d  t h a t  s e e d l i n g  
d i s e a s e s  r e d u c e d  t h e  c o t t o n  y i e l d  i n  L o u i s i a n a  by 5 p e r  c e n t  a n n u a l l y  
i n  1961, 1962, 1963 and 1964.
R. s o l a n i  h a s  b e e n  t h e  fungus  most  f r e q u e n t l y  I s o l a t e d  from 
d i s e a s e d  c o t t o n  s e e d l i n g s  i n  L o u i s i a n a  ( 1 5 5 ) ,  The fungus  a t t a c k s  
c o t t o n  s e e d l i n g s  more s e v e r e l y  u n d e r  c o n d i t i o n s  f a v o r a b l e  t o  t h e  fu n g u s  
and u n f a v o r a b l e  t o  t h e  h o s t  and u s u a l l y  t a k e s  p l a c e  5 o r  10 d a y s  a f t e r  
p l a n t i n g .  Symptoms commonly a p p e a r  a s  d a r k  t o  r e d d i s h - b r o w n  c a n k e r s  
on t h e  h y p o c o t y l s  n e a r  t h e  s o i l  l i n e .  On p l a n t s  most s e v e r e l y  i n f e c t e d  
c a n k e r s  o r  l e s i o n s  e n c i r c l e  t h e  h y p o c o t y l s  o r  p e n e t r a t e  them so d e e p l y  
t h a t  many f a l l  o v e r  and d i e .  The a t t a c k  u s u a l l y  o c c u r s  i n  e a r l y  p l a n t e d  
c o t t o n  b e f o r e  t h e  f o r m a t i o n  o f  t r u e  l e a v e s ,  b u t  t h e  o r g a n i s m  som et im es  
p e r s i s t s  on t h e  p l a n t s  r e s t r i c t i n g  r o o t ,  s t em ,  and l e a f  d e v e lo p m en t  
u n t i l  t h e  b e g i n n i n g  o f  t h e  f l o w e r i n g  p e r i o d .  I n f e c t i o n  a l s o  h a s  b e en  
r e p o r t e d  t o  o c c u r  on t h e  l e a v e s  l a t e  i n  t h e  s e a s o n  i n  o t h e r  s t a t e s  
c a u s i n g  some d e f o l i a t i o n ,  b u t  i s  o f  l i t t l e  economic  i m p o r t a n c e  ( 1 2 3 ) .
A c c o r d i n g  t o  Duggar ( 5 1 ) ,  Duhamel ,  i n  1728,  f i r s t  r e p o r t e d  a 
f u n g a l  d i s e a s e  on s a f f r o n  f l o w e r  (C ro c u s  s a t i v u s  L . )  which  was c h a r a c ­
t e r i z e d  by t h e  p r e s e n c e  o f  s c l e r o t i a l  m a ts  on t h e  h o s t  s u b s t r a t e .
P e r s o o n ,  i n  1801 ,  r e g a r d e d  t h e  fu n g u s  a s  a s t e r i l e  fo rm and p l a c e d  i t  
i n  t h e  g e n u s  S c l e r o t l u m . De C a n d o l l e ,  i n  1815 ,  c r e a t e d  t h e  g e n u s  
R h i z o c t o n l a  t o  accommodate  t h e  fu n g u s  found on s a f f r o n .  The f i r s t  
e x t e n s i v e  m o r p h o l o g i c a l  d e s c r i p t i o n  o f  t h a t  g e n u s  was made and  p u b l i s h e d  
by  t h e  T u l a s n e s  i n  1862 .  Kuhn, i n  1858, d e s c r i b e d  a n o t h e r  R h i z o c t o n l a  
d i s e a s e  and r e f e r r e d  t o  t h e  fu n g u s  a s  R. s o l a n i  Kuhn ( 1 7 7 ) .  The l a t t e r  
s p e c i e s  h a s  a v e r y  wide  h o s t  r a n g e .
A c c o rd in g  t o  W alk e r  ( 1 7 7 ) ,  i t  was R o l f s  who e s t a b l i s h e d  t h e  
r e l a t i o n  o f  R. s o l a n i  t o  t h e  B a s i d i o m y c e t e s .  R o l f s  found  t h e  fu n g u s  
on p o t a t o  s tem s  i n  C o l o r a d o  i n  1903 and B u r t  r e f e r r e d  t o  i t  a s  C o r t i c i u m  
vagum B er k ,  and C u r t . ,  a s a p r o p h y t i c  fu n g u s  d e s c r i b e d  in  1873. R o l f s  
was a b l e  t o  g e r m i n a t e  b a s i d i o s p o r e s  from t h a t  fu n g u s  and  s e c u r e d  one 
s i m i l a r  t o  R. s o l a n i . R o g e r s ,  i n  1943,  (1 4 3 )  t r a n s f e r r e d  t h e  fu n g u s
t o  t h e  g e n u s  P e l l i c u l a r i a , and t h e n  t h e  p e r f e c t  s t a g e  o f  R. s o l a n i  was 
r e f e r r e d  t o  a s  P e l l i c u l a r i a  f i l a m e n t o s a  ( P a t . )  R o g e r s .  T a l b o t  ( 1 6 8 ) ,  
r e c e n t l y  s u g g e s t e d  T h a n a t e p h o r u s  c u c u m e r i s  ( F r a n k )  Donk a s  a new name 
f o r  t h e  p e r f e c t  s t a g e  o f  t h e  f u n g u s .  The f u n g u s  w i l l  be r e f e r r e d  t o  a s  
R. s o l a n i  t h r o u g h o u t  t h i s  d i s s e r t a t i o n .
The l i f e  c y c l e  o f  R. s o l a n i  on c o t t o n  was d e s c r i b e d  f o r  t h e  f i r s t  
t im e  by P i n c k a r d ,  Luke,  Iv e y  and  D elgado  ( 1 3 2 ) .  P i n c k a r d  (129 )  r e p o r t e d  
t h e  p e r f e c t  s t a g e  o f  R. s o l a n i  t o  be o f  common o c c u r r e n c e  on d e n s e l y  
s h ad e d  c o t t o n  s tem s  i n  L o u i s i a n a .  The p e r f e c t  s t a g e  was a l s o  found  on 
t h e  l o w e r  s tem s  o f  s e v e r a l  o t h e r  c r o p s  and  weeds g r o w in g  i n  shaded  
m o i s t  l o c a t i o n s .
I n  L o u i s i a n a ,  R. s o l a n i  c a u s e d  t h e  m a j o r i t y  o f  o u r  s e e d l i n g  
d i s e a s e  l o s s e s  which  h a v e  i n c r e a s e d ,  a c c o r d i n g  t o  P i n c k a r d  e t  a l  ( 1 3 2 ) ,
f ro m  2 . 0  p e r  c e n t  i n  1952 t o  7 , 0  p e r  c e n t  i n  1966. The i n c r e a s e  h a s  
b e e n  r a t h e r  c o n s i s t e n t  e a c h  o f  t h e s e  y e a r s .
R. s o l a n i  i s  n o t  t h e  o n ly  o r g a n i s m  t h a t  c a u s e s  s e e d l i n g  d i s e a s e  
p r o b l e m s .  T h e r e  a r e  o t h e r  s o i l - b o r n e  o r g a n i s m s  t h a t  a t t a c k  c o t t o n  
s e e d l i n g s  and  c a u s e  damage i n  some a r e a s .  A c c o r d i n g  t o  N e a l  ( 1 2 3 ) ,  
t h e s e  o r g a n i s m s  a r e  Xanthomonas  m a lv a c e a r u m , t h e  b a c t e r i a l  b l i g h t ;  
F u s a r i u m  o x y sp o ru m , F.  v a s i n f e c t u m , t h e  w i l t  f u n g u s ;  F u s a r iu tn  
m o n i l i f o r m e  and o t h e r  s p e c i e s  o f  F u s a r i u m , w h ic h  c a u s e  r o t s  and  
b l i g h t s ;  T h l e l a v i o p s i s  b a s i c o l a , t h e  c a u s e  o f  r o o t  r o t ;  G l o m e r e l l a  
g o s s y p i i , t h e  a n t h r a c n o s e  f u n g u s ;  s p e c i e s  o f  F y th iu m  t h a t  c a u s e  
d a m p i n g - o f f ;  S c l e r o t i u m  b a t a t i c o l a  and !5. r o l  f s i i , which  c a u s e  r o t s ;  
A s c o c h y ta  g o s s y p i i , t h e  c a u s e  o f  a s c o c h y t a  b l i g h t ;  and  t h e  p a r a s i t i c  
n e m a to d es  M elo id o g y n e  i n c o g n i t a  v a r .  a c r l t a , (w h ich  c a u s e s  r o o t  k n o t ) ,  
P r a t y l e n c h u s  l e i o c e p h a l u s  ( t h e  meadow n e m a t o d e ) ,  s p e c i e s  o f  T r i c h o d o r u s  
(w h ich  c a u s e s  s t u b b y  r o o t ) ,  and o t h e r  n e m a t o d e s ,  su ch  a s  H e l i c o t y l e n c h u s  
n a n n u s  and R o t y l e n c h u l u s  r e n i f o r m i s , w h ich  a f f e c t  c o t t o n  and a r e  known 
t o  be a s s o c i a t e d  w i t h  t h e  i n c i d e n c e  o f  f u s a r i u m  w i l t .  Most o f  t h o s e  
o r g a n i s m s  a r e  p a t h o g e n i c  on s e e d l i n g s  and  e x c e p t  f o r  n e m a to d es  i n  
A r i z o n a  and  New M exico ,  t h e y  a r e  o f  m in o r  i m p o r t a n c e  i n  t h e  com plex  o f  
s e e d l i n g  d i s e a s e  ( 1 2 3 ) .  P i n c k a r d  and B i r c h f i e l d  (1 3 0 )  s t a t e d  t h a t  
s e e d l i n g  b l i g h t  o f  c o t t o n  i s  c a u s e d  by a t  l e a s t  two s p e c i e s  o f  b a c t e r i a ,  
n i n e  s p e c i e s  o f  f u n g i ,  s e v e n  s p e c i e s  o f  n e m a to d es  and s e v e n  s p e c i e s  o f  
I n s e c t s .  They s u g g e s t e d  a f o r m u l a t i o n  o f  Nemagon, D i e l d r i n  and T e r r a c l o r  
t o  c o n t r o l  t h o s e  p l a n t  p a t h o g e n s  w h ich  a r e  i n v o l v e d  i n  t h e  s e e d l i n g  
b l i g h t  c o m p le x .
B e c a u se  o f  t h e  i n c r e a s i n g  c o s t  o f  c o t t o n  p r o d u c t i o n  and d e c r e a s e  
i n  p r o f i t s ,  p l a n t  p a t h o l o g i s t s  h a v e  g i v e n  more r e c o g n i t i o n  t o  t h e  
economic  i m p o r t a n c e  o f  s o r e s h i n  and  o t h e r  s e e d l i n g  d i s e a s e s  o f  c o t t o n  
w i t h i n  t h e  l a s t  20 y e a r s .  Many t h o u s a n d s  o f  a c r e s  o f  c o t t o n  a r e  p l a n t e d  
e a c h  y e a r  w i t h  s e e d  and s o i l  t r e a t e d  w i t h  f u n g i c i d e s  t o  p r e v e n t  l o s s e s  
f rom  s e e d l i n g  b l i g h t s .  Even s o ,  a s i g n i f i c a n t l y  i m p o r t a n t  p a r t  o f  
t h e s e  l a n d s  a r e  r e p l a n t e d  to  s e c u r e  s a t i s f a c t o r y  s t a n d s .  A l th o u g h  
s e v e r a l  e x c e l l e n t  f u n g i c i d e s  a r e  e f f e c t i v e  a g a i n s t  t h e  c a u s e s  o f  c o t t o n  
s e e d l i n g  b l i g h t s ,  t h e y  c a n n o t  a lw ay s  b e  p l a c e d  on t h e  s ee d  o r  i n  t h e  
s o i l  i n  s u c h  m anner  a s  t o  be  i n  c l o s e  p r o x i m i t y  t o  t h e  c a u s a l  a g e n t s  
o f  s e e d l i n g  d i s e a s e ,  t h e r e b y  p r o t e c t i n g  them from a t t a c k .  B ecau se  r o o t  
d i s e a s e s  a r e  among t h o s e  which  a r e  d i f f i c u l t  t o  c o n t r o l  by p r e v e n t i v e  
f u n g i c i d e s  and  b e c a u s e  o f  t h e  f a v o r a b l e  d e v e lo p m e n t  o f  s y s t e m i c  com­
pounds  c a p a b l e  o f  b e i n g  a b s o r b e d  and t r a n s l o c a t e d  i n  t h e  p l a n t ,  r e s e a r c h  
was c o n d u c t e d  t o  e x p l o r e  t h e  p o s s i b i l i t y  o f  s y s t e m i c  f u n g i c i d a l  c o n t r o l  
o f  s o r e s h i n  i n  L o u i s i a n a .
LITERATURE REVIEW
The te r ra  c h e m o t h e r a p y  seems t o  d a t e  b a c k  t o  E h r l i c h  and h i s  now 
famous work on c h e m i c a l  c u r e  o f  human s y p h i l i s  (5 8 ,  8 9 ,  9 1 ,  9 6 ) ,  E h r l i c h  
made i t  c l e a r  t h a t  c h e m o t h e r a p y  was t h e  s e a r c h  f o r  an a r t i f i c i a l  o r  
s y n t h e t i c  c h e m i c a l  remedy a c t i n g  d i r e c t l y  b y  v i r t u e  o f  t h e i r  s p e c i f i c  
c h e m i c a l  a f f i n i t i e s ,  upon  t h e  o r g a n i s m s  c a u s i n g  d i s e a s e  o r  i n f e c t i o n .  
C hem othe rapy  was r e g a r d e d  a s  t h e  u l t i m a t e  a im  o f  c u r e  f o r  d i s e a s e d  
o r g a n i s m s  ( 5 8 ,  9 1 ) .  The i d e a  o f  c o n t r o l l i n g  d i s e a s e  o f  p l a n t s ,  p a r ­
t i c u l a r l y  t r e e s ,  by  t h e  i n j e c t i o n  o f  c h e m i c a l s  i s  n o t  new and e f f o r t s  
a t  i n j e c t i o n  were made even  e a r l i e r .  I n  t h e  f i f t e e n t h  c e n t u r y  L eo n a rd o  
de V i n c i ,  f o r  e x a m p le ,  d e s c r i b e d  a method o f  i n j e c t i n g  a r s e n i c  i n t o  
a p p l e  t r e e s  ( 9 6 ) .  E x c l u d i n g  t h e  a t t e m p t e d  c o n t r o l  o f  d e f i c i e n c y  
d i s e a s e s ,  t h e  f i r s t  e f f o r t  t o  c o n t r o l  fu n g u s  d i s e a s e s  was p r o b a b l y  
t h a t  o f  B o l l e y  (1 2 )  on p lum t r e e s  I n f e c t e d  b y  t h e  p lum p o c k e t  d i s e a s e .  
A t t e m p t s  were made t o  c o n t r o l  t h e  c h e s t n u t  b l i g h t  by  i n j e c t i o n  (1A8) 
b u t  n o t h i n g  seems t o  h a v e  r e s u l t e d  i n  t h i s  e f f o r t .  Nor were  t h e  
e f f o r t s  o f  B rooks  and B a i l e y  (17)  t o  c o n t r o l  t h e  s i l v e r  l e a f  o f  p lums 
c o n s i s t e n t .
Most o f  t h e  e a r l y  work  was c o n c e r n e d  w i t h  t r a n s l o c a t i o n  o f  
i n o r g a n i c  i o n s  w h ich  w ere  r e l a t i v e l y  e a s y  t o  d e t e c t  and e s t i m a t e .
S i n c e  t h e n  o t h e r  compounds h a v e  b e e n  s t u d i e d  whose  p r e s e n c e  i n  t h e  
p l a n t  may b e  d e t e c t e d  e i t h e r  by  v i s u a l  i n s p e c t i o n  o f  t h e i r  m o r p h o l o g i c a l  
e f f e c t s  o r  by  s im p le  a s s a y  p r o c e d u r e ;  s u ch  compounds I n c l u d e  v i r u s e s ,  
g r o w t h - r e g u l a t i n g  s u b s t a n c e s ,  a n t i b i o t i c s ^  r a d i o a c t i v e l y  l a b e l e d  
m i n e r a l s  and c e r t a i n  h e r b i c i d e s  ( 1 3 ) .
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I n  t h e  f i e l d  o f  s y s t e m i c  t r a n s l o c a t i o n ,  most o f  t h e  e a r l i e r  
s t u d i e s  were  p e r f o r m e d  w i t h  a n t i b i o t i c s  w h ich  were  t h e n  c o m m e r c i a l l y  
a v a i l a b l e .  A l t h o u g h  t h e s e  had  b e e n  d e v e l o p e d  f o r  p h a r m a c o l o g i c a l  
p u r p o s e s  and were  a n t i b a c t e r i a l  r a t h e r  t h a n  a n t l f u n g a l ,  work  w i t h  
t h e s e  mat r i a l s  w i l l  be  i n c l u d e d  i n  t h i s  d i s c u s s i o n  s i n c e  i t  t h r o w s  
l i g h t  upon t h e  movement o f  a n t i b i o t i c s  i n  g e n e r a l ,  f u r t h e r m o r e ,  
c e r t a i n  a n t i b a c t e r i a l  a n t i b i o t i c s ,  n o t a b l y  s t r e p t o m y c i n ,  h a v e  b e e n  
shown t o  e x e r t  s y s t e m i c  a c t i v i t y  a g a i n s t  f u n g a l  p a t h o g e n  (1 2 1 ,  1 7 5 ) ,
D evelopm ent  o f  A n t i b i o t i c s :
S t u d i e s  on th e  t r a n s l o c a t i o n  o f  f u n g i c i d e s ,  a s  d i s t i n c t  f rom  
t h e i r  s y s t e m i c  a c t i v i t y ,  a r e  n o t  nu m ero u s .  A n t i b i o t i c s  h a v e  r e c e i v e d  
much a t t e n t i o n  owing t o  t h e i r  t r a n s l o c a t a b i l i t y  and s y s t e m i c  a c t i v i t y  
and t h e  f a c t  t h a t  t h e i r  p r e s e n c e  i n  p l a n t  t i s s u e s  c a n  o f t e n  be d e t e c t e d  
and e s t i m a t e d  by  b i o a s s a y  p r o c e d u r e s  ( 1 7 5 ) .  Modern i n t e r e s t  i n  a n t i ­
b i o t i c s  b e g a n  w i t h  t h e  d i s c o v e r y  o f  p e n i c i l l i n  by  F le m in g  (66)  who 
n o t e d  t h a t  g ro w th  o f  S t a p h y l o c o c c u s  a u r e u s  i n  a c u l t u r e  c o n t a m i n a t e d  
w i t h  a P e n l c i l l i u m  was g r a d u a l l y  d i s a p p e a r i n g .  The m a t e r i a l  s e c r e t e d  
by t h e  fu n g u s  and a n t a g o n i s t i c  t o  t h e  b a c t e r i a  was named p e n i c i l l i n .
Ten y e a r s  a f t e r  F l e m i n g ' s  d i s c o v e r y  r e a l  c l i n i c a l  t e s t s  were made and 
a s t a r t  on t h e  volume p r o d u c t i o n  o f  p e n i c i l l i n  was begun  b y  F l o r e y  and 
a s s o c i a t e s  ( 2 1 ) .  Thus  b e g a n  a new e r a  i n  m e d i c a l  t h e r a p y .  The second  
l a n d m a r k  was t h e  d i s c o v e r y  o f  s t r e p t o m y c i n  by S c h a t z ,  Bug le  and Waksman 
( 1 5 2 ) ,  i n  1944.
The origin of the word antibiotic is from the term antibiosis 
first used by Vulllemin in 1889,  as cited by Ward ( 1 8 2 ) ,  and adapted 
a decade later by the plant pathologist H. Marshall Ward. Antibiosis,
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m eaning  " a g a i n s t  l i f e "  i s  t h e  c o n v e r s e  o f  s y m b i o s i s .  A c c o r d i n g  t o  
Waksman ( 1 7 6 ) ,  i n  1879 De B ary  was t h e  f i r s t  t o  e m p h a s i z e  t h e  
a n t a g o n i s t i c  r e l a t i o n s  among m i c r o o r g a n i s m s ,  an o p i n i o n  w i t h  w h ich  
S m i th  (156 )  a g r e e d .
The f i r s t  a t t e m p t  t o  c o n t r o l  a p l a n t  d i s e a s e  w i t h  an a n t i b i o t i c  
s u b s t a n c e  was t h a t  o f  P o t t e r  (136 )  i n  1908. He found t h a t  t h e  c o n ­
c e n t r a t e d  l i q u i d  on w h ic h  Fseudomona d e s t r u e t a n s , t h e  c a u s e  o f  t u r n i p  
r o t ,  had  grown would k i l l  t h e  o r g a n i s m  i t s e l f  when i t  was i n v a d i n g  t h e  
t u r n i p  t i s s u e .  L i k e w i s e ,  he  found t h a t  t h e  p r o d u c t s  o f  P .  i t a l i c u m  
w ould  e l i m i n a t e  t h e  f u n g u s  f rom  i n f e c t e d  o r a n g e  r i n d s .  S a n f o r d  (1 5 1 )  
a t t r i b u t e d  t h e  c o n t r o l  o f  p o t a t o  s ca b  by  g r e e n  m an u r in g  t o  t h e  a n t i ­
b i o t i c  q u a l i t i e s  o f  c e r t a i n  p r e d o m i n a n t  s o i l  m i c r o o r g a n i s m s  which  may 
i n f l u e n c e  t h e  d e v e lo p m e n t  o f  A c t in o m y c es  s c a b i e s . W e i n d l i n g  (1 8 3 )  
r e p o r t e d  t h a t  T r i c h o d e r m a  l l g n o r u m  P e r s .  ex F r .  (T .  v i r d e ) had  
a n t a g o n i s t i c  e f f e c t s  a g a i n s t  t h e  d a m p i n g - o f f  fu n g u s  R. s o l a n i  and o t h e r  
f u n g i .  T h i s  c u l m i n a t e d  in  t h e  i d e n t i f i c a t i o n  o f  t h e  a n t i b i o t i c  g l i o t o x l n  
by W e in d l in g  and Emerson in  1936 (1 0 3 ,  1 8 4 ) .  Brown and B oy le  (18)  were  
t h e  f i r s t  t o  d e m o n s t r a t e  t h e  p o t e n t i a l  v a l u e  o f  a n t i b i o t i c s  i n  p l a n t  
d i s e a s e  c o n t r o l  by showing t h a t  p e n i c i l l i n  c o u l d  c o n t r o l  t h e  c rown 
g a l l  o r g a n i s m .
The a n t i f u n g a l  a n t i b i o t i c ,  g r i s e o f u l v i n  was d i s c o v e r e d  i n  t h e  
m ycel ium  o f  P .  g r i s e o f u l v u m  by O x f o r d ,  R a i s t r i c k ,  and S im o n a r t  ( 1 2 5 ) .
T h i s  a n t i b i o t i c  h a s  shown c o n s i d e r a b l e  a c t i v i t y  t o  s e v e r a l  f u n g i  and  
h a s  p r a c t i c a l l y  no p h y t o t o x i c i t y .  B r a i n  (1 6 )  o b t a i n e d  s i g n i f i c a n t  
c o n t r o l  o f  B o t r y t l s  c i n e r e a  P e r s ,  ex F r .  on l e t t u c e  and A l t e r a a r i a  
: 5 l a n i  S o r a u e r  on to m a to e s  by a l l o w i n g  t h e  a n t i b i o t i c  t o  be  Laken up 
by  t h e  r o o t s  and t r a n s l o c a t e d .
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At t h e  p r e s e n t  t im e  two a n t i b i o t i c s ,  s t r e p t o m y c i n  and c y c l o h e x a -  
m id e ,  a r e  i m p o r t a n t  i n  c o n t r o l l i n g  p l a n t  d i s e a s e s .  Both  s t r e p t o m y c i n  
and c y c lo h e x a m id e  a r e  p ro d u c e d  b y  t h e  a c t i n o m y c e t e  S t r e p t o m y c e s  g r i s e u s  
K ra n sb y  ( 1 1 4 ) .  S t r e p t o m y c i n ,  d i s c o v e r e d  i n  1944 ,  showed a c t i v i t y  
a g a i n s t  a b r o a d  r a n g e  o f  b a c t e r i a l  p a t h o g e n s  b o t h  JLn v i t r o  and j in v i v o  
( 4 1 ) .
A n d e rso n  and  Nienow (5)  r e p o r t e d  t h a t  s t r e p t o m y c i n  c o u l d  be  
d e t e c t e d  i n  t h e  s h o o t s  o f  s o y b ea n  p l a n t s  f o l l o w i n g  r o o t  a p p l i c a t i o n .
A y e a r  a f t e r  t h e  i s o l a t i o n  o f  c y c l o h e x a m i d e  by W h i f f e n ,  Bohonos and  
Emerson ( 1 8 5 ) ,  i t s  e m p i r i c a l  f o r m u l a  was d e t e r m i n e d  by Leach who named 
i t  A c t i - d i o n e .
A c c o r d i n g  t o  Goodman (71)  i t s  a p p l i c a t i o n  i n  p l a n t  p a t h o l o g y  was 
f i r s t  made by  F e l b e r  and Hamner i n  1948 who u s e d  i t  t o  e r a d i c a t e  t h e  
powdery  m i ldew ,  E r y s i p h e  p o l y g o n ! , from b e a n s .  S t a r z y k e  and M i t c h e l l  
(160 )  r e p o r t e d  t h i s  a n t i f u n g a l  a n t i b i o t i c  t o  be r e a d i l y  t a k e n  up from 
c u l t u r e  s o l u t i o n s  by t h e  r o o t s  o f  b e a n  p l a n t s  and r a p i d l y  t r a n s p o r t e d  
t o  l e a f  and  s tem  t i s s u e s .
Both  K r a s i l n i k o v  ( 1 0 9 ) ,  and B l a n c h a r d  and D i l l e r  ( 1 1 ) ,  d e t e c t e d  
c h l o r t e t r a c y c l i n e  i n  t h e  s h o o t s  o f  r o o t - t r e a t e d  p l a n t s  a l t h o u g h  i t  was 
n o t  d e t e c t e d  in  t h e  sap  o f  d e c a p i t a t e d  cucum ber  s e e d l i n g s .  C h lo r a m p h e n i ­
c o l  was d e t e c t e d  i n  cucumber  s e e d l i n g s  ( 1 3 7 ) ,  b r o a d b e a n  and  to m a to  
p l a n t s  ( 1 3 8 ) ,  and to m a to e s  (108)  f o l l o w i n g  r o o t  a p p l i c a t i o n s .
Vancom ycin ,  a n o t h e r  r e a d i l y  m o b i l e  a n t i b i o t i c ,  was r e p o r t e d  t o  
e n t e r  t h e  r o o t s  o f  a number  o f  p l a n t s  and may r e a c h  a c o n c e n t r a t i o n  
h i g h e r  t h a n  t h a t  a p p l i e d  i n  t r e a t m e n t  (1 5 ,  1 1 6 ) .  G r i s e o f u l v i n ,  
a n o t h e r  a n t i f u n g a l  a n t i b i o t i c ,  h a s  been  s t u d i e d  i n  some d e t a i l .
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S t u b b s  ( 1 6 6 ) ,  and R h o d e s ,  C r o s s e ,  M cW il l iam ,  T o o t i l l  and  Dunn (140 )  
r e p o r t e d  t h e  a c t i v i t y  o f  t h i s  compound a g a i n s t  l e a f  p a t h o g e n s  f o l l o w i n g  
r o o t  a p p l i c a t i o n .
I n o r g a n i c  S a l t s :
Most o f  t h e  c h e m o t h e r a p e u t a n t s  a r e  o r g a n i c  compounds .  B u t ,  
s c a t t e r e d  t h r o u g h o u t  t h e  l i t e r a t u r e  a r e  r e p o r t s  o f  t h e  s y s t e m i c  
a c t i v i t y  o f  i n o r g a n i c  s a l t s ;  t h e s e  i n c l u d e  c o p p e r  ( 1 2 4 ) ,  l i t h i u m  ( 1 4 5 ) ,  
z i n k  ( 1 7 0 ) ,  cadmium ( 1 1 7 ) ,  n i c k e l  ( 1 8 1 ) ,  b o r o n  ( 5 2 ) ,  m anganese  ( 2 5 ) ,  and 
i r o n  ( 1 6 8 ) .  S i l i c a t e s ,  t h i o s u l p h a t e s , sod ium  a z i d e  and sod ium  f l u o r i d e  
a r e  a l s o  r e p o r t e d  a s  a c t i v e  i n o r g a n i c  s a l t s  ( 2 0 ) .  C a r t e r  and Wain (20 )  
a s s e s s e d  t h e  s y s t e m i c  t h e r a p e u t i c  a c t i v i t y  o f  88 i n o r g a n i c  s a l t s  b y  
d e t e r m i n i n g  t h e i r  a b i l i t y  t o  p r o t e c t  b r o a d  b e a n  s e e d l i n g s  from B o t r y t i s  
f a b a e , t o m a to  p l a n t s  f rom  A l t e r n a r i a  s o l a n i  and  w heat  s e e d l i n g s  from 
E r y s i p h e  g r a m i n l s . The d e g r e e  o f  s y s t e m i c  a c t i v i t y  shown by  t h o s e  s a l t s  
was s t u d i e d  in  r e l a t i o n  t o  su ch  f a c t o r s  a s  t h e i r  f u n g i t o x i c i t y ,  mode o f  
a c t i o n ,  u p t a k e  by t h e  p l a n t  and  t h e  d e g r e e  t o  w h ic h  p l a n t  sap  i n a c t i ­
v a t e s  them .
Root u p t a k e  and  t r a n s l o c a t i o n  o c c u r s  q u i t e  r e a d i l y  f o r  many f u n g i -  
t o x i c  i o n s ,  th o u g h  n o t  a l l  a r e  so m o b i l e  i n  p l a n t s .  A c c o r d i n g  t o  
P i c k a r d  and M a r t i n  ( 1 2 7 ) ,  and P i c k a r d ,  M a r t i n  and G r a i n g e r  ( 1 2 8 ) ,  o n l y  
v e r y  s m a l l  amounts  o f  m e r c u r y  w e re  t a k e n  up by  p l a n t s  grown i n  s o i l s  
t r e a t e d  w i t h  m e r c u r i c  o x id e  and c a l o m e l ;  t h i s  c o u l d  be  due  t o  t h e  low 
s o l u b i l i t y  o f  t h e s e  compounds.
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D evelopm ent  o f  S y n t h e t i c  S y s t e m i c  Compounds;
J u s t  when t h e  I d e a  o f  i n t e r n a l  t r e a t m e n t  o f  p l a n t s  was f i r s t  
s e r i o u s l y  c o n s i d e r e d  i s  p r o b a b l y  n o t  known. C e r t a i n l y  i t  i s  v e r y  o l d .  
Roach (1 4 1 )  m e n t io n e d  t h a t  d u r i n g  t h e  t w e l f t h  c e n t u r y  Ibn -a l -A w am  
r e c o r d s  t h a t  a t t e m p t s  were  made t o  c o l o r  f l o w e r s  and t o  f l a v o r  and 
p e r fu m e  f r u i t s  e i t h e r  b y  i n s e r t i n g  d r y  powder  i n t o  t h e  p i t h  o f  t h e  
s p l i t  r o o t  o r  s t e m ,  o r  by p l a c i n g  i t  u n d e r  t h e  b a r k .  Roach (1 4 1 )  a l s o  
m e n t i o n e d  t h a t  d u r i n g  t h e  f i f t e e n t h  c e n t u r y  L e o n a rd o  de V i n c i  i n t r o ­
du ced  a r s e n i c a l  and  o t h e r  p o i s o n o u s  s o l u t i o n s  i n t o  t h e  t r u n k s  o f  t r e e s  
a p p a r e n t l y  f o r  t h e  p u r p o s e  o f  p o i s o n i n g  t h e  f r u i t .  U n t i l  t h e  s e v e n ­
t e e n t h  c e n t u r y  c h e m i c a l s  were  p u t  i n t o  p l a n t s  f o r  i m m e d i a t e l y  p r a c t i c a l  
r e a s o n s  and  w i t h o u t  c o n c e r n  f o r  how t h e  p l a n t  f u n c t i o n s .  P e r h a p s  t h e  
f i r s t  r e f e r e n c e  t o  w ork  on i n j e c t i o n  o f  p l a n t s  w i t h  t h e  w e l f a r e  o f  t h e  
s u b j e c t  i n  mind i s  t h a t  c i t e d  by  Roach (141)  i n  an  anonymous c o n t r i b u ­
t i o n  i n  1765.
A c c o r d i n g  t o  S t o d d a r d  and Dimond (163)  t h e  d a r k  a g e s  o f  chemo­
t h e r a p y ,  a t  l e a s t  i n  t h e  U n i t e d  S t a t e s ,  o c c u r r e d  d u r i n g  t h e  y e a r s  o f  
t h e  f i r s t  World  War ,  when, a c c o r d i n g  t o  S u r f a c e  (1 6 7 )  and F l i n t  ( 6 7 ) ,  
c o m m e r c i a l  t r e e  e x p e r t s  p l a c e d  p i l l s  o f  KCN, KClO^ and FeSO^ i n t o  t h e  
t r u n k s  o f  t r e e s ,  c l a i m i n g  m i r a c u l o u s  c u r e s  o f  a l l  s o r t s .  M u l l e r  (1 2 0 )  
made e x t e n s i v e  e x p e r i m e n t s  i n  t h e  f i e l d ,  d i r e c t e d  a t  c o n t r o l  o f  b o t h  
i n s e c t  p e s t s  and p l a n t  p a r a s i t e s ,  b u t  t h e r e  was l i t t l e  i n t e r e s t .
The r e p o r t  o f  F ron  (6 9 )  on t h e  u s e  o f  8 - q u i n o l i n o l  s u l f a t e  a g a i n s t  
t h e  D utch  e lm  d i s e a s e  f u n g u s ,  C e r a t o s t o m e l l a  u l m l  Buisman i n  1936 ,  
marked  t h e  b e g i n n i n g  o f  t h e  i d e a  t h a t  s y n t h e t i c  s y s t e m i c  compounds  
m ig h t  b e  o f  a d v a n t a g e  i n  c o n t r o l l i n g  c e r t a i n  d i s e a s e s .  Howard (95 )
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s u c c e s s f u l l y  t r e a t e d  t h e  b l e e d i n g  c a n k e r  o f  h a r d  m aple  c a u s e d  by  
P h y t o p h t h o r a  c a c t o r u m  (Leb .  and Cohn) S c h r e e t  w i t h  t h e  dye  d i a m i n o a z o -  
b e n z e n e  d e h y d r o c h l o r i d e .  T h i s  dye  a c t e d  a s  an  a n t i d o t e  t o  t h e  t o x i n  
p r o d u c e d  b y  t h e  f u n g u s .  H o w ar d ' s  work  r e v i v e d  t h e  i n t e r e s t  i n  s y s t e m i c  
f u n g i c i d e s  and i t  was a  f a c t o r  i n  u n d e r t a k i n g  c h e m o t h e r a p e u t i c  w ork  on 
t h e  D u tch  e lm  d i s e a s e .  H o r s f a l l  and  Z e n tm e y e r  (101)  and Dimond,
Plumb, S t o d d a r d  and  H o r s f a l l  (50 )  u s e d  8 - q u i n o l i n o l  b e n z o a t e  a s  a  s o i l  
d r e n c h  f o r  t h e  c h e m o t h e r a p e u t i c  t r e a t m e n t  o f  e lm s  i n f e c t e d  w i t h  t h e  
D u tch  e lm  d i s e a s e  o r g a n i s m  and o b t a i n e d  a r e d u c t i o n  i n  symptoms.
S t o d d a r d  and  H e u b e r g e r  (163)  o b t a i n e d  e v i d e n c e  t h a t  t h e  r e s p o n s e  o f  
t r e e s  t r e a t e d  w i t h  8 - q u i n o l i n o l  b e n z o a t e  by  s o i l  a p p l i c a t i o n  was much 
s u p e r i o r  t o  t h a t  o f  t r u n k  i n j e c t i o n .  At a b o u t  t h e  same t im e  o f  
H o w a r d ' s  d i s c o v e r y  Ark (6 )  o b t a i n e d  e r a d i c a t i o n  o f  crown g a l l  b a c t e r i u m  
A g r o b a c t e r i u m  t u m e f a c i e n s  (E . F.  Sm. & Town) Conn. by  p a i n t i n g  a  m i x t u r e  
o f  m e t h a n o l  and  sod ium  d i n i t r o - c r e s o l  ( E l g e t o l )  on t h e  g a l l  t i s s u e  o f  
a lmond t r e e s .
C h em o th e rap y  was u sed  t o  i n a c t i v a t e  X - d i s e a s e  v i r u s  o f  p e a c h  a s  
e a r l y  a s  1941 by s o a k i n g  budwood from d i s e a s e d  t r e e s  i n  an a q u eo u s  
s o l u t i o n  o f  c h e m i c a l s  (9 7 ,  161,  1 6 2 ) .  A f t e r  t h i s  t r e a t m e n t  t h e  b u d s  
were  washed  i n  d i s t i l l e d  w a t e r  and  s e t  i n  h e a l t h y  s e e d l i n g s .  F a i l u r e  
t o  t r a n s m i t  t h e  d i s e a s e  t o  t h e s e  s e e d l i n g s  was t a k e n  a s  t h e  m e as u re  o f  
i n a c t i v a t i o n  o f  t h e  v i r u s .  Among t h e  c h e m i c a l s  u s e d  f o r  t h i s  p u r p o s e  
w e re  q u i n h y d r o n e ,  8 - q u i n o l i n o l ,  s u l f a t e ,  h y d r o q u i n o n e , p - n i t r o p h e n o l  
and c a l c i u m  8 - h y d r o x y q u i n o l a t e .  I t  was p o s t u l a t e d  t h a t  t h e  a c t i o n  o f  
t h e  c h e m i c a l s  was d i r e c t l y  on t h e  v i r u s .
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Among s y n t h e t i c  o r g a n i c  f u n g i c i d e s  t h e  m o s t  d e t a i l e d  s t u d i e s  on 
u p t a k e  and t r a n s l o c a t i o n  h a v e  b e e n  made on  s u l f o n a m i d e s .  H a s s e b r a u k  
(88)  was t h e  f i r s t  t o  r e p o r t  on t h e i r  s y s t e m i c  a n t i f u n g a l  a c t i v i t y .
R u d d - J o n e s  and W i g n a l l  (1 4 6 )  d e m o n s t r a t e d  t h e i r  u p t a k e  i n t o  p l a n t s  by  
d e t e c t i n g  s u l f a n i l a m i d e  i n  t h e  l e a v e s  o f  b r o a d  b e a n  p l a n t s  t r e a t e d  a t  
t h e  r o o t s .  Crowdy and R u d d - J o n e s  (2 9 )  e s t i m a t e d  t h e s e  c h e m i c a l s  i n  
t h e  r o o t s ,  s t e m s ,  and l e a v e s  o f  r o o t  t r e a t e d  b r o a d  b e a n  p l a n t s  and 
d e t e c t e d  a l l  t h e  t e s t  compounds i n  t h e s e  o r g a n s .  They found  t h a t  
s u l f a n i l a m i d e  a c c u m u l a t e d  q u i c k l y  i n  t h e  l e a v e s  and t o  a  l e s s e r  e x t e n t  
i n  t h e  r o o t s  and s t e m s .
I t  was shown by H a r t  and A l l i s i o n  (8 7 )  t h a t  p i c r i c  a c i d ,  p - t o l u e o l  
s u l f o n a m i d e  and sod ium b ro m id e  were  e f f e c t i v e  a g a i n s t  t h e  w heat  s tem  
r u s t  o r g a n i s m  when a p p l i e d  t h r o u g h  r o o t s .  S t r o n g  and C a t i o n  (1 65 )  
d e m o n s t r a t e d  t h e  r o l e  o f  sod ium  d i n i t r o c r y s y l a t e  i n  c o n t r o l l i n g  c e d a r  
r u s t  g a l l s  by s p r a y i n g  them w i t h  t h e  c h e m i c a l .
W ork ing  on t h e  c o n t r o l  o f  e a r l y  b l i g h t  o f  t o m a t o ,  McNew and  
Sundholm  (115)  r e p o r t e d  t h e  upward  t r a n s l o c a t i o n  o f  4 - n i t r o s o p y r a z o l e s  
i n  t o m a to  p l a n t s  and t h e i r  e f f e c t i v e n e s s  i n  s u p p r e s s i n g  t h e  d i s e a s e  
symptoms. They o b t a i n e d  44 p e r  c e n t  c o n t r o l  o v e r  t h e  n o n t r e a t e d  
p l a n t s  when t h e  l o w e r  l e a v e s  were  immersed i n  t h e  t o x i c a n t  s o l u t i o n .  
Crowdy and Wain (30)  r e p o r t e d  a  c o n s i s t e n t  r e d u c t i o n  o f  a b o u t  50 p e r  
c e n t  o f  t h e  c h o c o l a t e  s p o t  d i s e a s e  o f  b r o a d  b e a n s  c a u s e d  by  B o t r y t i a  
fabae S a r d i n a  f o l l o w i n g  t r e a t m e n t  w i t h  2 , 4 , 6 - t r i c h l o r o p h e n o x y a c e t i c  a c i d .  
T h e s e  w o r k e r s  (31 )  r e p o r t e d  a l s o  t h e  s y s t e m i c  a c t i v i t y  o f  p h en o x y -  
c a r b o x y l i c  a c i d s  a g a i n s t  t h e  same p a t h o g e n  and i n  t h e  same h o s t .
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H o tso n  (102)  o b s e r v e d  t h a t  some o f  t h e  s u l f a  d r u g s  had  a  marked  
f u n g l t o x l c  a c t i v i t y  a g a i n s t  t h e  w h ea t  s t e m  r u s t  a t  a  c o n c e n t r a t i o n  a s  
low a s  5 l b s ,  p e r  a c r e .  He f u r t h e r  o b s e r v e d  t h a t  c o n t r o l  by  t h e s e  
s u l f a  d r u g s  c o u l d  be  c o u n t e r a c t e d  by  p - a m i n o b e n z o i c  a c i d  and f o l i c  
a c i d ;  w h ich  h e  c o n c l u d e d  were  two v i t a m i n s  r e q u i r e d  i n  t h e  m e t a b o l i s m  
o f  P u c c i n l a  g r a m i n i s  P e r s .  f .  s p .  t r i t i c i . E r i c k  and E. Henn.
T r a n s l o c a t i o n  and  s y s t e m i c  a c t i v i t y  o f  2 - p y r i d i n e t h i o l - l - o x i d e  
(PTO) i n  cucum ber  p l a n t s  w e re  d e m o n s t r a t e d  by  S a n d e r s  and A l l i s o n  
( 1 5 0 ) .  I n h i b i t i o n  o f  g e r m i n a t i o n  o f  c o n i d i a  o f  M o n i l l n i a  f r u c t i c o l a  
(W in t )  Honey was u s e d  i n  b i o a s s a y  o f  cucum ber  p l a n t s  t h a t  had  b e e n  
t r e a t e d  w i t h  t h e  c h e m i c a l  s o l u t i o n s .  The c o n c e n t r a t i o n  o f  PTO 
d e c r e a s e d  a s  t h e  t im e  i n t e r v a l  b e tw ee n  t h e  t r e a t m e n t  and  t h e  b i o a s s a y  
i n c r e a s e d ,  i n d i c a t i n g  t h e  b reakdow n  o f  t h e  t o x i c a n t  b y  t h e  h o s t  
s y s t e m i c  a c t i v i t y  o f  PTO was f u r t h e r  c o n f i r m e d  by  K a a r s  S i j p e s t e i j n ,  
Rombouts ,  van  Andel and Dekker  (104 )  a g a i n s t  C la d o s p o r i u m  cucum er lnum  
E l l  and A r t .  and B. f a b a e .  From t h e i r  s t u d i e s  t h e y  c o n c l u d e d  t h a t  PTO 
i s  o n l y  t r a n s l o c a t e d  downwards s i n c e  no i n h i b i t i o n  o f  t h e  f u n g i  c o u l d  
be o b t a i n e d  when t h e  t o x i c a n t  was a p p l i e d  t h r o u g h  t h e  r o o t s .  Rombouts  
and  K a a r s  S i j p e s t e i j n  (144)  r e p o r t e d  upon  s i m i l a r  t e s t s .  They  o b s e r v e d  
t h a t  t r e a t i n g  one c o t y l e d o n  o f  a cucum ber  s e e d l i n g  c o u l d  p r o t e c t  t h e  
o t h e r  a g a i n s t  s c a b .  Kuc, W i l l i a m s  and Shay (110) f e d  p h e n y l t h i o u r e a  
i n t o  t h e  l e a f  p e t i o l e s  o f  a p p l e  s h o o t s  and i n  t h i s  way i n c r e a s e d  t h e  
r e s i s t a n c e  o f  t h e  s h o o t  t o  V e n t u r i s  i n a e q u a l i s  ( C k e . )  W in t .  T a r j a n  and  
Howard (169)  and Beckman (9 )  found  t h a t  s y n t h e t i c  c h e m i c a l s  i n c l u d i n g  
b e n z o t h i a z o l y l - 2 - t h i o g l y c o t i c  a c i d  and 8 - q u i n o l i n a l  b e n z o a t e ,  a p p l i e d  
a s  d r y  pow ders  p l a c e d  i n  b o r e h o l e s ,  r e d u c e d  f o l i a r  d i s e a s e .
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Root a p p l i c a t i o n s  o f  c a p t a n  ( N - t r i c h l o r a m e t h y l t h i o c y c l o h e x - 4 - e n e -  
1 : 2 - d i c a r b o x y i m i d e )  have  b e e n  r e p o r t e d  (1 5 7 )  t o  r e d u c e  t h e  i n c i d e n c e  
o f  f o l i a r  p a t h o g e n s .  W a l l e n  and Hoffman (1 7 9 )  d e t e c t e d  v e r y  s m a l l  
q u a n t i t i e s  i n  t h e  l e a f  o f  r o o t - t r e a t e d  p e a  B e e d l i n g s .  F a w c e t t ,
S p e n c e r  and Wain (6 4 )  exam ined  t h e  s y s t e m i c  a n t i f u n g a l  a c t i v i t y  o f  
a  s e r i e s  o f  a r y l o x y t h i o t r i c h l o r o m e t h a n e s  and  a l t h o u g h  c a p t a n  p ro v e d  
i n a c t i v e  i n  t h e i r  t e s t s ,  a s  i t  d i d  i n  t h o s e  o f  Grossm ann  ( 7 3 ) ,  s e v e r a l  
o t h e r  compounds w ere  a c t i v e  i n  r e d u c i n g  i n f e c t i o n s  o f  A. s o l a n i  on 
to m a to  f o l i a g e  f o l l o w i n g  r o o t  a p p l i c a t i o n .  A c c o r d i n g  t o  N a p i e r ,  R hodes ,  
T u r n e r ,  T o o t i l l  and  Dunn ( 1 2 2 ) ,  c a p t a n  a p p e a r e d  t o  move up from s p r a y e d  
lo w e r  l e a v e s  o f  cucumber  p l a n t s  t o  p r o t e c t  t h e  l e a v e s  above  f rom  a t t a c k s  
o f  s c a b .
D i t h i o c a r b a m a t e s  h a v e  p r o v e d  v a l u a b l e  p r o t e c t a n t  f u n g i c i d e s  and 
t h e r e  a r e  r e p o r t s  o f  t h e i r  movement w i t h i n  p l a n t s .  G rcssm ann  (72) 
showed some e f f e c t  a g a i n s t  F u s a r iu m  oxysporum  f .  l y c o p e r s i c i  on 
t o m a t o e s  a f t e r  u p t a k e  o f  sod ium d i m e t h y l d i t h i o c a r b a m a t e  (NaDDC) o r  
t e t r a m e t h y l t h i u r a m d i s u l  f i d e  ( t h i r a m  *= TMTD) by t h e  r o o t s .  B i o a s s a y  o f  
t h e  g u t t a t i o n  f l u i d  o f  t r e a t e d  p l a n t s  r e v e a l e d  no f u n g i t o x i c i t y  and 
t h e r e f o r e  i t  was s u g g e s t e d  t h a t  t h e  s y s t e m i c  a c t i v i t y  was a f f e c t e d  by 
i n t e r f e r e n c e  w i t h  h o s t  m e t a b o l i s m .  By c o n t r a s t ,  D a rp o u x ,  Halmos and 
L e b la n e  (33) found  t h e  s a p  o f  r o o t - t r e a t e d  p l a n t s  o f  a  number o f  
s p e c i e s  t o  be  f u n g i t o x i c  JLn v i t r o . I t  was r e p o r t e d  t h a t  s e e d l i n g s  o f  
F l n u s  s i l v e s t r i s  grown from  s e e d  t r e a t e d  w i t h  TMTD w e re  l e s s  s e r i o u s l y  
a t t a c k e d  by R h i z o c t o n i a  s p .  and P y th iu m  s p .  t h a n  s e e d l i n g s  grown from 
u n t r e a t e d  s ee d  ( 1 7 3 ) .  I n  a b i o a s s a y  t e s t  f u n g i t o x i c i t y  c o u l d  be demon­
s t r a t e d  i n  t h e  a b o v e - g r o u n d  p a r t s  o f  su ch  t r e a t e d  s e e d l i n g s .  P l u i j g e r s
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(135 )  fo u n d  t h a t  many o f  t h e  d l t h l o c a r b a m a t e s  w h ich  he  t e s t e d  p r o t e c t e d  
cucum ber  s e e d l i n g s  from a t t a c k s  o f  s c a b  f o l l o w i n g  r o o t  a p p l i c a t i o n .  
D e k h u I Jz e n  (39)  d e m o n s t r a t e d  b y  b i o a s s a y i n g  c h ro m a to g ra m s  o f  t h e  sap  
f rom  cucum ber  s e e d l i n g s  t r e a t e d  a t  t h e  r o o t s  w i t h  NaDDC t h a t  NaDDC 
i o n s  a r e  t a k e n  up by  t h e  s e e d l i n g s  b u t  a r e  t h e n  c o n v e r t e d  i n t o  v a r i o u s  
d e r i v a t i v e s ,  some o f  w h ich  a r e  t h e m s e l v e s  f u n g i t o x i c .  I t  was a l s o  
e s t a b l i s h e d  t h a t  sod ium  d i e t h y l d i t h i o c a r b a m a t e  i s  s i m i l a r l y  t a k e n  up 
and  m e t a b o l i z e d .  Q u a n t i t a t i v e  s t u d i e s  on one o f  t h e  NaDDC m e t a b a l i t e s ,  
NaDDC a l a n i n e ,  showed t h i s  c h e m i c a l  t o  b e  r a p i d l y  a b s o r b e d  by  t h e  
r o o t s  o f  cucum ber  s e e d l i n g s  and  moved t o  t h e  h y p o c o t y l  and  c o t y l e d o n s .  
F u r t h e r  s y s t e m i c  a c t i v i t y  o f  NaDDC h a s  b e e n  shown by C orbaz  (2 6 )  
a g a i n s t  t h e  b l u e  mold P e r o n o s p o r a  t a b a c i n a  Adam o f  t o b a c c o .
I t  h a s  b e e n  o b s e r v e d  t h a t  c e r t a i n  amino a c i d s  showed s y s t e m i c  
a c t i v i t y  J r i  v i v o  a g a i n s t  £ .  cucum er inum  (171 )  w h e r e a s  no  a c t i v i t y  c o u l d  
be o b s e r v e d  v i t r o  s t u d i e s .  D a v i s ,  B ec k e r  and  R o g ers  (35 )  showed t h e  
e f f e c t i v e n e s s  o f  s y d n o n es  a g a i n s t  w h ea t  r u s t  a s  w e l l  a s  b e a n  r u s t  
d i s e a s e .
The s y s t e m i c  a c t i v i t y  o f  6 - a z a u r a c i l  was shown by  D ekker  (40 )  
a g a i n s t  E. c i c h o r o a c e a r u m  DC. on cucum ber  p l a n t s  f o l l o w i n g  r o o t  a p p l i ­
c a t i o n  and  was d e t e c t e d  c h r o m a t o g r a p h i c a l l y  w i t h i n  t h e  a e r i a l  t i s s u e s  
o f  t r e a t e d  p l a n t s  by  Dekker  and  O o r t  ( 4 2 ) .  D ekker  and  v a n  d e r  Hock- 
S c h e n e r  (43 )  o b s e r v e d  t h a t  c e r t a i n  d e r i v a t i v e s  o f  p u r i n e s  and p y r i m i d i n e s  
were  s y s t e m i c a l l y  a c t i v e  a g a i n s t  powdery  m i ld ew  o f  w h e a t ,  Eh g r a m i n l s  
t r i t l c i  Em M a r c h a l .  I n  t h e i r  e x p e r i m e n t s  t h e y  u s e d  a  number o f  s u b s t i ­
t u t e d  p u r i n e s ;  t h e  m o s t  e f f e c t i v e  among them was 6 - a z a u r a c i l .  T h i s  
compound p r e v e n t e d  t h e  f o r m a t i o n  o f  h a u s t o r i a  by  t h e  f u n g u s .  D ekker
20
(4 1 )  showed t h a t  a n o t h e r  s u b s t i t u t e d  p u r i n e ,  6 - f u r f u r y l a m i n o p u r i n e  
( k l n e t i n )  i n h i b i t e d  t h e  d e v e l o p m e n t  o f  t h e  p ow dery  m i ld e w  E. 
c i c h o r a c e a r u m .
O t h e r  f u n g i t o x i c  c h e m i c a l s  h a v e  b e e n  shown t o  b e  t a k e n  up by  
r o o t s  and moved i n t o  t h e  s h o o t s .  H i l l s  (92)  o b t a i n e d  e v i d e n c e  t h a t  
l a b e l e d  Dexon ( p - d i m e t h y l a m i n o b e n z e n e d i a z o  sod ium  s u l f o n a t e )  was t a k e n  
up by  s u g a r  b e e t  s e e d l i n g s  and was h i g h l y  e f f e c t i v e  i n  c o n t r o l l i n g  t h e  
s e e d l i n g  d i s e a s e  w h ich  i s  c a u s e d  by Aphanomyces  c o c h l l o i d e s  D r e c h s .
The l a b e l e d  m a t e r i a l ,  h o w e v e r ,  was n o t  d e t e c t e d  i n  a p p r e c i a b l e  am ounts  
on c h ro m o to g ra m s  o f  e x t r a c t s  o f  t h e  t i s s u e s .  Van Andel  (172 )  fo und  
t h a t  b o t h  OL-p- and D L - m - f lu o r o p h  e n y l a l a n i n e  c a n  p r o t e c t  cucum ber  
s e e d l i n g s  a g a i n s t  C, cucum er inum  and C o l l c t o t r l c h u n  l a g e n a r i u m  a t  c o n ­
c e n t r a t i o n s  o f  0 . 0 0 5 0  M a p p l i e d  t o  t h e  r o o t s  b e f o r e  i n o c u l a t i o n .  He 
a l s o  found  t h a t  sap  e x p r e s s e d  f rom  t h e  h y p o c o t y l s  o f  cucum ber  s e e d l i n g s  
was a c t i v e  in v i t r o  a g a i n s t  F h y t o p h t h o r a  i n f e s t e n s .
R e p o r t s  on some c h e m i c a l s  w h ic h  h a v e  s y s t e m i c  a c t i v i t y  f o l l o w i n g  
r o o t  a p p l i c a t i o n  b u t  h a v e  no i n  v i t r o  a c t i v i t y  a r e  n u m e ro u s .  Such 
c h e m i c a l s  a r e  t h o u g h t  t o  e x e r t  t h e i r  e f f e c t s  by  m o d i f i c a t i o n  o f  t h e  
h o s t  m e t a b o l i s m .  Compounds o f  t h i s  n a t u r e  i n c l u d e  c e r t a i n  h e t e r o c y c l i c  
compounds (37)  s u c h  a s  2 - m e r c a p t o b e n z o t h i a z o l e  d e r i v a t i v e s  ( 3 6 ,  4 8 ) ,  
g ro w th  r e g u l a t i n g  s u b s t a n c e s  ( 1 0 0 ) ,  amino a c i d s  ( 1 7 1 ) ,  p h e n y l t h i o u r e a s  
(105 )  and t h i o s e m i c a r b a z i d e  ( 7 0 ) .
R e c e n t l y ,  v a r i o u s  c o m m e r c i a l  c o m p a n i e s  h a v e  s t a r t e d  t o  d e v e l o p  
and r e l e a s e  new compounds w h ich  c a n  be  t a k e n  up  by  p l a n t s  and  moved 
s y s t e m i c a l l y  t h r o u g h o u t  t h e i r  b o d i e s .  The U n i t e d  S t a t e s  Rubber  
Company (174 )  r e l e a s e d  two compounds  w h ic h  h a v e  r e c e i v e d  g r e a t
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a t t e n t i o n  s i n c e  t h e i r  d i s c o v e r y  i n  1 9 66 .  The two com pounds ,  V i t a v a x  
( 2 , 3 - d i h y d r o - 5 - c a r b o x a n i l i d o - 6 - m c t h y l - l , 4 - o x a t h i i n )  and  P l a n t v a x  ( 2 , 3 -  
d i h y d r o - 5 - c a r b o x a n i l i d o - 6 - m e t h y l - l , 4 - o x a t h i i n - 4 , 4  d i o x i d e )  w ere  r e p o r t e d  
t o  a c t  s y s t e m i c a l l y  a g a i n s t  s u c h  f u n g i  a s  Uromyces  p h a s e o l i  t y p i c a  on 
b e a n  ( 1 7 4 ) ,  U s t i l a g o  n u d a  on b a r l e y  (5 3 ,  57,  78 ,  9 0 ,  1 7 4 ) ,  and R. s o l a n i  
i n  c o t t o n  s e e d l i n g s  ( 4 ,  14 ,  34) when a p p l i e d  t o  s e e d ,  s o i l  o r  f o l i a g e .
H a r d i s o n  (8 1 )  r e p o r t e d  t h a t  f l a g  s m u t ,  U r o c y s t l s  a g r o p y r l  ( F r e u s s )  
S c h r o c t , ,  was i n h i b i t e d  and a p p a r e n t l y  e r a d i c a t e d  i n  p l a n t s  o f  " M e r lo n "  
K e n tu ck y  b l u e g r a s s  by  d r e n c h i n g  s o i l  a r o u n d  i n f e c t e d  p l a n t s  w i t h  
P l a n t v a x .  V i t a v a x  was t e s t e d  s i m u l t a n e o u s l y  a s  a s o i l  d r e n c h  and 
s i g n i f i c a n t l y  r e d u c e d  t h e  i n c i d e n c e  o f  f l a g  smut b u t  f a i l e d  t o  e r a d i ­
c a t e  t h e  d i s e a s e  a t  1 5 -4 0  l b s .  p e r  a c r e .  I t  was r e p o r t e d  by t h e  same 
a u t h o r  (8 2 ,  83 )  t h a t  b o t h  P l a n t v a x  and V i t a v a x  were  e f f e c t i v e  i n  c o n ­
t r o l l i n g  s e v e r a l  g r a s s  r u s t s  and sm uts  su ch  a s  s t r i p e  sm u t ,  U s t i l a g o  
s t r i i f o r m i s  (West)  N i e s s l  and s t r i p e  r u s t ,  P u c c i n i a  s t r i i f o r m i s  W es t .
The a u t h o r  s t a t e d  t h a t  P l a n t v a x  was more e f f e c t i v e  t h a n  V i t a v a x  b o t h  
a s  a s o i l  t r e a t m e n t  and  a s  a  f o l i a r  s p r a y  i n  a l l  t h e  t e s t s  t h a t  he  
c o n d u c t e d  (8 1 ,  8 2 ,  8 3 ) ,  W a l l a c e  (178 )  found  t h a t  t h r e e  a p p l i c a t i o n s  
o f  P l a n t v a x  were  s u p e r i o r  t o  t h r e e  a p p l i c a t i o n s  o f  V i t a v a x  f o r  t h e  
c o n t r o l  o f  r u s t  i n  M a r q u i s  w h e a t .  On t h e  o t h e r  h a n d ,  E d g i n g t o n  and 
K e l l y  (5 6 )  r e p o r t e d  t h a t  V i t a v a x  i s  more e f f e c t i v e  t h a n  P l a n t v a x  f o r  
o n i o n  smut (U r o c y s t l s  c e p u l a e ) c o n t r o l .  M anning ,  C r o s s a n  and M orton  
(1 1 3 )  d i d  n o t  g e t  c o n t r o l  o f  R h i z o c t o n l a  r o o t  r o t  o f  s n a p b e a n s  when 
V i t a v a x  was u s e d  a s  a s e e d  t r e a t m e n t .  S eed  t r e a t m e n t  w i t h  t h e  d u s t  
f o r m u l a t i o n  o f  V i t a v a x  r e s u l t e d  i n  a r e m a r k a b l e  r e d u c t i o n  i n  R. s c l e r o t i a  
on p o t a t o  p l a n t s .  The a p p l i c a t i o n  o f  V i t a v a x  t o  c u t  s e e d  i s  i n d e e d
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r e n d e r i n g  t h e  p o t a t o  p l a n t  r e s i s t a n t  o r  t o l e r a n t  t o  i n v a s i o n  b y  R, 
s o l a n i  d u r i n g  t h e  e a r l y  p h a s e  o f  i t s  g r o w t h  ( 1 5 4 ) .  A c c o r d i n g  t o  
Row el l  ( 1 4 5 ) ,  s o i l  t r e a t m e n t  a t  p l a n t i n g  t im e  w i t h  P l a n t v a x  d e l a y e d  
m a r k e d l y  t h e  d e v e lo p m e n t  o f  l e a f  and s t e m  r u s t  e p i d e m i c s  on s p r i n g  
w h e a t .  E d g i n g t o n  and Corke  (57)  s t a t e d  t h a t  V i t a v a x  i s  an  e x c e l l e n t  
c h e m o t h e r a p e u t a n t  f o r  c e r t a i n  r u s t  d i s e a s e s  when a p p l i e d  t o  t h e  s o i l  
j u s t  p r i o r  t o  i n o c u l a t i o n  o f  p l a n t s .  However,  t h e y  a d d e d ,  i f  i t  i s  
a p p l i e d  1 0 -2 0  d a y s  p r i o r  t o  i n o c u l a t i o n ,  t h e  p l a n t s  a r e  n o t  p r o t e c t e d  
from r u s t  p a t h o g e n s .  By b o t h  s p e c t r o p h o t o m e t r i c a l l y  and b i o a s s a y  u s i n g  
U s t i l a g o  m ay d is  t h e y  d e m o n s t r a t e d  t h a t  t h e  f u n g i c i d e  i s  b i o l o g i c a l l y  
d e g r a d e d ,
Demosan 1 , 4 - d i c h l o r o - 2 , 5 - d i m e t h o x y - b e n z e n e  ( c h l o r o n e b ) ,  d e v e l o p e d  
by d u P o n t  h a s  b e e n  p r o v e d  a s  a s y s t e m i c  f u n g i c i d e  a g a i n s t  s e v e r a l  p a t h o ­
g e n s .  Lukens  (111 )  r e p o r t e d  t h a t  Demosan e f f e c t i v e l y  c o n t r o l l e d  i n f e c ­
t i o n s  o f  s t r i p e  smut d i s e a s e  (U. s t r i i f o r m i s  ( W e s t . )  N i e s s l )  i n  m a t u r e  
t u r f  o f  "M e r io n "  K en tu ck y  b l u e g r a s s  a s  a  s o i l  d r e n c h .  F i e l d i n g  and  
Rhodes  (65)  and K i r k  (107 )  d e m o n s t r a t e d  Demosan u p t a k e  i n  b e a n s  and  
c o t t o n  r e s p e c t i v e l y  by b o t h  a u t o r a d i o g r a p h y  and b i o a s s a y .  The compound 
g a v e  t e m p o r a r y  s y s t e m i c  c o n t r o l  o f  R h i z o c t o n i a  r o o t  r o t  o f  s n a p b e a n  
( 1 1 2 ) ,  and gave  s y s t e m i c  c o n t r o l  o f  R. s o l a n i  i n  c o t t o n  s e e d l i n g s  a s  
s o i l  t r e a t m e n t  ( 3 4 ) .  Hock and S i s l e r  (94 )  showed t h a t  Demosan i n h i b i t e d
g r o w th  o f  R. s o l a n i  i n  l i q u i d  c u l t u r e  a t  5 t o  8 ppm.
T h i a b e n d a z o l e ,  2 - ( 4 - t h i a z o l y l )  b e n z i m i d a z o l e  (TBZ), p r o d u c e d  by 
Merck and  Company i s  a n o t h e r  compound o f  w hich  s y s t e m i c  a c t i v i t y  h a s  
b e e n  p r o v e n .  R o b i n s o n ,  P h a r e s  and  G r a e s s l e  (1 4 2 )  d e m o n s t r a t e d  t h a t  TBZ
was a c t i v e  _in v i t r o  w i t h i n  a r a n g e  o f  1 -2 0  ppm a g a i n s t  s e v e r a l
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A s p e r g i l l u s  s p p . , A. s o l a n i  ( E l l .  & G. M a r t i n )  S o r . , Chaetomium 
o l l v a c e u m  Cke.  and E l l . ,  and t o  t h r e e  P e n i c i l l i u m  s p p .  S i m i l a r  r e s u l t s  
a g a i n s t  many p l a n t - p a t h o g e n i c  f u n g i  were  a l s o  r e p o r t e d  ( 1 5 8 ) .  S t a r o n ,  
A l l a r d ,  D arpoux ,  G ra b o w sk i  and  Kollman (1 5 9 )  showed f o r  t h e  f i r s t  t im e  
t h a t  TBZ was t r a n s l o c a t e d  from r o o t s  t o  t h e  s tem s  and l e a v e s  o f  t r e a t e d  
p l a n t s .  The e f f e c t i v e n e s s  o f  t h i s  compound a g a i n s t  some c i t r u s  f r u i t  
p a t h o g e n s  was a l s o  r e p o r t e d  (1 9 ,  7 9 ) .  E r w in ,  Sims and  P a r t r i d g e  (63)  
d e m o n s t r a t e d  t h a t  TBZ was f u n g i s t a t i c  t o  V e r t i c l l l i u m  a l b o - a t r u m  i n  v i t r o  
a t  0 . 1 - 0 . 5  ppm and s y s t e m i c a l l y  r e d u c e d  t h e  i n c i d e n c e  and s e v e r i t y  o f  
t h e  d i s e a s e  on c o t t o n  p l a n t s .
01 i n  M a th e so n  C h em ica l  Company d e v e l o p e d  a  compound u n d e r  t h e  
name T e r r a z o l e  i n  1966 .  T h i s  compound ( 5 - e t h o x y - 3 - t r i c h l o r o m e t h y l - l ,
2 , 4 - t h i a d i a z o l e )  showed s y s t e m i c  a c t i v i t y  a g a i n s t  R. s o l a n i  i n  c o t t o n  
s e e d l i n g s  i f  s u p p l i e d  t o  t h e  r o o t s  a s  an  a q u e o u s  s o l u t i o n  o r  a s  a  s o i l  
t r e a t m e n t  ( 3 ) .  A n o th e r  s y s t e m i c  f u n g i c i d e  Til 7462 ,  d e v e l o p e d  b y  
Thompson Hayward C hem ica l  Company, showed good c o n t r o l  o f  powdery  m i ldew  
on cucumber  p l a n t s  when a p p l i e d  t o  t h e  r o o t s  i n  s o l u t i o n  c u l t u r e  a s  w e l l  
a s  by s o i l  d r e n c h  ( 3 2 ) .
A new compound ( l - ( b u t y l c a r b a m o y l ) - 2 - b e n z i m i d a z o l e  c a r b a m i c  a c i d ,  
m e th y l  e s t e r )  d e v e l o p e d  by  t h e  d u p o n t  Company i n  1967 and d e s i g n a t e d  a t  
f i r s t  a s  "DuPont F u n g i c i d e  1 9 9 1 , "  h a s  b e e n  shown t o  h a v e  a u n i q u e  com­
b i n a t i o n  o f  p r e v e n t i v e ,  c u r a t i v e  and s y s t e m i c  f u n g i c i d a l  p r o p e r t i e s  
a g a i n s t  a w id e  s p e c t r u m  o f  f u n g a l  p a t h o g e n s .  A h i g h  l e v e l  o f  m i t e  
o v i c i d e  e f f e c t  h a s  a l s o  b e e n  o b s e r v e d  ( 1 4 9 ) .  Benomyl,  t h e  common name 
o f  t h e  DuPont f u n g i c i d e  1991, w i l l  be  u s e d  t h r o u g h o u t  t h i s  d i s s e r t a t i o n .
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Benomyl h a s  shown e x c e l l e n t  c o n t r o l  o f  v a r i o u s  d i s e a s e s  on  f r u i t ,  
v e g e t a b l e  and  f i e l d  c r o p s ,  Benomyl a p p l i e d  i n  s u s p e n s i o n  w i t h  wax a t  
500 ppm a c t i v e  was e q u a l  t o  TBZ and  s u p e r i o r  t o  sod ium  o r t h o p e n y l p h c n a t e  
t e t r a h y d r a t e d  on n a v e l ,  t a n g e l o  and  m a n d a r i n  o r a n g e s  f o r  c o n t r o l  o f  
P e n i c l l l i u m  mold d e c a y  ( 7 9 ) .  P r e h a r v e s t  a p p l i c a t i o n s  o f  Benomyl r e s u l t e d  
i n  o u t s t a n d i n g  c o n t r o l  o f  brown r o t  on p e a c h e s  ( 2 2 ) ,  At 8 o u n c e s  o f  
p r o d u c t  p e r  100 g a l l o n s  o f  w a t e r  i t  h a s  b e e n  shown t o  be  more e f f e c t i v e  
t h a n  any  o t h e r  f u n g i c i d e  f o r  t h e  c o n t r o l  o f  b l o s s o m  b l i g h t  o f  brown r o t  
on c h e r r i e s  and p e a c h e s  ( 1 ) ,
Benomyl p r o v i d e d  s y s t e m i c  f u n g i c i d a l  c o n t r o l  o f  powdery  mildew in  
b o t h  cucum ber  and  s q u a s h  when t h e  compound was a p p l i e d  a s  a  s e e d  t r e a t ­
ment o r  s o i l  d r e n c h  i n  t h e  g r e e n h o u s e  ( 1 5 3 ) .  Powdery m i ld ew  on r o s e s  
was a l s o  c o n t r o l l e d  by  t h e  same compound ( 4 4 ) ,  Hammett (77)  r e p o r t e d  
t h a t  s o i l  a p p l i c a t i o n  o f  Benomyl i n  t h e  g r e e n h o u s e  r e s u l t e d  i n  e r a d i c a ­
t i o n  and p r e v e n t i o n  o f  powdery  m i ldew  i n f e c t i o n  o f  c u cu m b er ,  pumpkin ,  
w h ea t  and s w o e t p e a .  The e f f e c t  was p r o d u c e d  a t  c o n c e n t r a t i o n s  a s  low 
a s  0 , 0 0 1 7  g ram  o f  p r o d u c t  i n  400 ml o f  r o o t i n g  medium. The a u t h o r  a l s o  
r e p o r t e d  t h a t  p h y t o t o x i c  symptoms were  o b s e r v e d  on cucumber  and pumpkin 
p l a n t s  t r e a t e d  w i t h  0 . 1  gram o f  t h e  compound i n  400 ml o f  r o o t i n g  
medium. A c c o r d i n g  t o  H a r p e r  (85 )  Benomyl a s  i n - f u r r o w  a p p l i c a t i o n  
g a v e  good c o n t r o l  o f  r o o t  r o t  i n  g a r d e n  p e a s  a t  6 , 2  l b s  p e r  a c r e .  The 
f u n g i c i d e  r e d u c e d  damage from F u s a r iu m  and R h i z o c t o n i a  b u t  n o t  Py th iu m .  
Working  w i t h  F.  oxysporum f ,  s p ,  l y c o p e r s i c i , B ieh n  and Dimond (10)  
d e m o n s t r a t e d  t h a t  Benomyl a p p l i e d  c o n t i n u o u s l y  f o r  8 -1 2  d a y s  t o  p o t t e d  
t o m a t o  p l a n t s  a t  1 5 .5  ppm r e d u c e d  w i l t  symptoms 71 p e r  c e n t  i n  2 . 5  weeks 
a f t e r  i n o c u l a t i o n .  Stem s e c t i o n s  and d i s c s  from s e l e c t e d  a r e a s  o f  t h e
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l e a v e s  were  a s s a y e d  f o r  Benomyl on p o t a t o  d e x t r o s e  a g a r  s ee d e d  w i t h  
V. a l b o - a t r u m . The f u n g i t o x i c a n t  a c c u m u l a t e d  i n  t i p s  and  m a r g i n s  o f  
l e a v e s .  I t  was d e t e c t a b l e  i n  b a s a l  s t e m  s e c t i o n s  f o r  more t h a n  2 weeks 
a f t e r  Benomyl was l a s t  a p p l i e d .
Benomyl h a s  p r o v e n  t o  move s y s t e m i c a l l y  i n  c o t t o n  p l a n t s ,  t h u s  
p r o t e c t i n g  them a g a i n s t  s e v e r a l  p a t h o g e n s .  E r w in ,  Mee and Sims (60 )  
o b t a i n e d  v e r y  good c o n t r o l  o f  V. a l b o - a t ru m  a t  50,  100 and 200 ppm when 
t h e  compound was a p p l i e d  t o  t h e  s o i l  i n  p o t s .  H in e ,  J o h n s o n ,  Wenger 
and E n d r i z z i  (93)  a p p l i e d  Benomyl t o  o n e - y e a r - o l d  p o t t e d  c o t t o n  p l a n t s  
i n  a p e a t - p e r l i t e - s o i l  m i x t u r e  a s  100 ppm a c t i v e  d r e n c h  and o b t a i n e d  
e f f e c t i v e  r e c o v e r y  and m a i n t a i n e d  c o n t r o l  o f  V. a l b o - a t r u m  f o r  a t  l e a s t  
4 w e e k s .  P r e s e n c e  o f  t h e  f u n g i c i d e  i n  p l a n t  t i s s u e s  was d e t e c t e d  by  a 
l e a f  d i s c  method ( 6 0 ,  9 3 ) .  A l - B e ld a w i  and  P i n c k a r d  (2)  r e p o r t e d  t h a t  
Benomyl a p p l i e d  t o  t h e  s o i l  a t  20,  4 0 ,  80 and  160 ppm p r o t e c t e d  c o t t o n  
s e e d l i n g s  from R, s o l a n i  f o r  a t  l e a s t  25 d a y s .  S e e d l i n g s  g ro w in g  i n  
a q u eo u s  s u s p e n s i o n s  o f  t h e  compound w ere  p r o t e c t e d  a t  l e a s t  f o r  15 d ay s  
w h i l e  t h e i r  r o o t s  were  immersed in  c o n c e n t r a t i o n s  o f  5 ,  10,  20 ,  40 and 
80 ppm.
H a r d i s o n  (84) showed t h a t  Benomyl i s  e f f e c t i v e  a s  a  s y s t e m i c  
f u n g i c i d e  a g a i n s t  f l a g  sm u t ,  s t r i p e  s m u t ,  s t r i p e  r u s t  and  b l i n d  s e e d  
o f  g r a s s e s .  He s t a t e d  t h a t  t h e  f u n g i c i d e  a p p a r e n t l y  e r a d i c a t e d  b o t h  
f l a g  smut a i d  s t r i p e  smut.  He o b s e r v e d  p h y t o t o x i c  symptoms a s  a  r e s u l t  
o f  h i s  w o re .  E f f e c t i v e n e s s  o f  Benomyl i n  c o n t r o l l i n g  s t r i p e  smut o f  
K en tucky  B l u e g r a s s  a s  s o i l  d r e n c h  was a l s o  r e p o r t e d  ( 7 6 ) ,
D av is  and P i n c k a r d  (38)  d e v e l o p e d  a t e c h n i q u e  f o r  t h e  q u a n t i t a t i v e  
d e t e r m i n a t i o n  o f  t h e  e f f e c t  o f  Benomyl on g r o w th  and p o t e n t i a l  d i s e a s e
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d e v e lo p m e n t  on  b o t h  s e e d l i n g s  and f r u i t i n g  c o t t o n  p l a n t s .  They 
r e p o r t e d  t h a t  Benomyl s i g n i f i c a n t l y  r e d u c e d  r o o t  e l o n g a t i o n  o f  
s e e d l i n g s  a t  c o n c e n t r a t i o n s  o f  100 and 200 ppm. T hese  c o n c e n t r a t i o n s ,  
h o w e v e r ,  were  f a r  above  t h e  l e v e l  r e q u i r e d  f o r  c o n t r o l  o f  R. s o l a n i .
In  t h e i r  s t u d y ,  t h e y  d e t e c t e d  t h e  u p t a k e  o f  Benomyl by t h e  l e a f  d i s c  
t e c h n i q u e  u s i n g  D i p l o d i a  g o s s y p i n a  a s  a t e s t  o r g a n i s m .
The effectiveness of Benomyl against Cercospora leaf spots of 
peanuts was reported by Harrison (86). He showed that Benomyl gave 
promising results when it was sprayed at concentrations as low as 0 .1 5  
lb per acre per application. He also mentioned that the compound failed 
to control Puccinia arachidls.
S y s te m ic  i n s e c t i c i d e s  h ave  r e c e i v e d  a t t e n t i o n  e x p e r i m e n t a l l y  on 
a  number o f  c r o p s  and h a v e  b e e n  u s e d  t o  a l i m i t e d  e x t e n t  a s  a c o t t o n  
s e e d  t r e a t m e n t .  Th im et  ( 0 . 0 - d i e t h y l  S - ( e t h y l t h i o m e t h y l )  p h o s p h o r o -  
d i t h i o a t e )  i s  a s y s t e m i c  i n s e c t i c i d e  w h ich  h a s  b e e n  i n v e s t i g a t e d  f o r  
p o s s i b l e  u s e  a s  a  s ee d  t r e a t m e n t  t o  c o n t r o l  some s o i l - b o r n e  f u n g i .  The 
f u n g i t o x i c  p r o p e r t i e s  o f  Th im et  were i n v e s t i g a t e d  and  r e p o r t e d  f o r  t h e  
f i r s t  t im e  by  H a c s k a y l o  and S t e w a r t  ( 7 4 ) .  A c c o r d i n g  t o  Erwin  and 
R ey n o ld s  (61)  Th im et  a s  a s ee d  t r e a t m e n t  i n c r e a s e d  t h e  p e r c e n t a g e  o f  
em ergence  o f  c o t t o n  s e e d l i n g s  i n  s team ed  s o i l  a r t i f i c i a l l y  i n f e s t e d  w i t h  
R, s o l a n i  i n  t h e  g r e e n h o u s e .  They a l s o  r e p o r t e d  t h e  f u n g i t o x i c i t y  o f  
t h i s  compound. In  t h e  f i e l d ,  t h e y  found  t h a t  s e e d  t r e a t m e n t  o f  c o t t o n  
w i t h  Th im et  i n  t h e  a b s e n c e  o f  a f u n g i c i d e  r e d u c e d  s i g n i f i c a n t l y  t h e  
s t a n d  o f  s e e d l i n g  p l a n t s  ( 6 2 ) .  S t a n d s ,  h o w e v e r ,  were  im proved  when 
s e e d s  were  t r e a t e d  w i t h  a  f u n g i c i d e  p r i o r  t o  a d d i n g  t h e  Thimet  c o a t i n g .  
H a c s k a y l o  and S t e w a r t  (75)  showed t h a t  T h im e t  was f u n g i s t a t i c  t o  R.
s o l a n i  i n  v i t r o  a t  5 - 5 0  ppm. T h im et  a l s o  g a v e  e x c e l l e n t  c o n t r o l  o f  
t h e  f u n g u s  a t  4 l b / 1 0 0  l b  s e e d  a s  a  s e e d  t r e a t m e n t  a t  8 2 - 9 2 ° F ,  b u t  
l i t t l e  c o n t r o l  a t  7 0 - 7 2 ° F .
MATERIALS AND METHODS
Fungicides Used:
The use of chemicals continues to be one of the best temporary 
means of controlling pests on cotton. Commercial chemical companies 
are in serious competition with each other for products that can be  
taken up and translocated by plant tissues, thereby protecting the 
plant from attack by various plant pathogenic organisms.
The c h e m i c a l  d i v i s i o n  o f  U niR oya l  ( f o r m e r l y  U n i t e d  S t a t e s  R ubber  
Company) d e v e l o p e d  a new compound u n d e r  t h e  code  number D 735 i n  1966. 
V i t a v a x  ( 2 , 3 - d i h y d r o - 5 - c a r b o x a n i l i d o - 6 - m e t h y l - l , 4 - o x a t h i i n )  i s  t h e  
t r a d e  name a s s i g n e d  t o  t h i s  compound. I n  t h e  e x p e r i m e n t s  r e p o r t e d  i n  
t h i s  p a p e r ,  V i t a v a x  was u s e d  a t  t h e  75% w e t t a b l e  powder a s  s u p p l i e d  by 
t h e  m a n u f a c t u r e r .
In  t h e  same y e a r  T e r r a z o l e  ( 5 - e t h o x y - 3 ( t r i c h l o r o m e t h y l ) - l , 2 t 
4 - t h i a d i a z o l e )  ( O l i n  M a t h i e s o n - 2 4 2 4 )  was p l a c e d  on t h e  m a r k e t  by  t h e  
A g r i c u l t u r a l  D i v i s i o n  o f  O l i n  M a t h i e s o n  Company, The 957. brown l i q u i d  
f o r m u l a t i o n  a s  s u p p l i e d  by t h e  m a n u f a c t u r e r  was u s e d  i n  a l l  t h e  g r e e n ­
h o u s e  and l a b o r a t o r y  s t u d i e s  r e p o r t e d  h e r e i n .
The t h i r d  compound t h a t  was u s e d  i n  t h i s  work  was d e v e l o p e d  by  t h e  
I n d u s t r i a l  and B i o c h e m i c a l s  D e p a r t m e n t  o f  E. I .  d u P o n t  de Nemours and 
Company a s  F u n g i c i d e  1991 ( 1 - ( b u t y c a r b a m o y l ) - 2 - b e n z i m i d a z o l e  c a r b a m l c  
a c i d ,  m e t h y l  e s t e r ) .  T h i s  compound was s u p p l i e d  by  t h e  m a n u f a c t u r e r  a s  
pow der .  B e n l a t e  and  Benomyl a r e  t h e  t r a d e  and  t h e  common names a s s i g n e d  
t o  t h i s  compound r e s p e c t i v e l y .
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The work  on  t h e s e  t h r e e  c h e m i c a l  compounds s t a r t e d  i n  1967 b u t  
w e re  t e s t e d  s e p a r a t e l y  b o t h  i n  t h e  g r e e n h o u s e  and l a b o r a t o r y  b e c a u s e  
t h e y  were  n o t  r e c e i v e d  a t  t h e  same t i m e .
The Test Fungus;
An i s o l a t e  o f  R. s o l a n i  w h ich  was i s o l a t e d  and d e s i g n a t e d  a s  
A m er ican  Type C u l t u r e  C o l l e c t i o n  18184, was u s e d  t h r o u g h o u t  t h i s  s t u d y .
In o c u lu m  was p r e p a r e d  and m a i n t a i n e d  by  g ro w in g  t h e  f u n g u s  f o r  
6 - 1 0  d a y s  on p o t a t o - d c x t r o s e - a g a r  (PDA) a t  room t e m p e r a t u r e s  ( a p p r o x i ­
m a t e l y  2 6 °C ) .  PDA was p r e p a r e d  by  t h e  s t a n d a r d  m ethod  u s i n g  200 g o f  
p e e l e d  f r e s h  p o t a t o e s ,  17 g o f  D i f c o  a g a r ,  20 g d e x t r o s e  and 100 ml o f  
d i s t i l l e d  w a t e r .  A s t e r i l e  #4 c o r k b o r e r  was u s e d  t o  c u t  a g a r  d i s c s  
f rom  c u l t u r e  p l a t e s .  The d i s c s  s e r v e d  a s  in o c u lu m  f o r  i n f e c t i o n  o f  
c o t t o n  s e e d l i n g s  i n  a l l  l a b o r a t o r y  and g r e e n h o u s e  e x p e r i m e n t s .
Seed  S o u r c e :
Machine  d e l i n t e d  c o t t o n s e e d s  o f  t h e  v a r i e t y  D e l t a p i n e  S m o o t h l e a f  
(G o s s y p i u m h i r s u t u m  L . ) ,  were  u s e d  t h r o u g h o u t  t h i s  s t u d y .  The s e e d s  
were  p r o v i d e d  b y  D e l t a  and P i n e  Land Company, S c o t t ,  M i s s i s s i p p i .  I n  
a l l  t h e  e x p e r i m e n t s  which  r e q u i r e d  p l a n t i n g  s e e d s ,  c o t t o n s e e d s  were  
s u r f a c e  s t e r i l i z e d  w i t h  a 1 :1 0 0 0  s o l u t i o n  o f  m e r c u r y  b i c h l o r i d e  t h e n  
washed w i t h  s t e r i l e  w a t e r  b e f o r e  u s e .
Laboratory Study:
Upon r e c e i v i n g  t h e  c h e m i c a l  compounds u s e d  i n  t h i s  s t u d y ,  t h e i r  
p o s s i b l e  s y s t e m i c  movement and c h e m o t h e r a p e u t i c  e f f e c t  were  i n v e s t i g a t e d  
u n d e r  l a b o r a t o r y  c o n d i t i o n s  by  u s i n g  t h e  r o o t - u p t a k e  method o r  t h e  
" f l a s k  t e c h n i q u e "  a s  d e s c r i b e d  by  D a r r a g  ( 3 4 ) .
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S t e r i l i z e d  l a r g e  sp ec im e n  d i s h e s  ( 1 7 . 5  cm wide  by  6 . 5  cm d e e p )  
were  u s e d  t o  g e r m i n a t e  c o t t o n s e e d s  i n  t h e  l a b o r a t o r y .  To a i d  i n  t h e  
s e l e c t i o n  o f  u n i f o r m ,  h e a l t h y  s e e d l i n g s  f o r  e a c h  e x p e r i m e n t ,  s e v e r a l  
h u n d r e d s  o f  c o t t o n s e e d s  w ere  s u r f a c e - s t e r i l i z e d  w i t h  a  s o l u t i o n  o f  
1 :1 0 0 0  m e r c u r y  b i c h l o r i d e ,  washed w i t h  s t e r i l e  d i s t i l l e d  w a t e r  and 
sown on t h e  t o p  o f  a u t o c l a v e d  v e r m i c u l i t e  ( T e r r a l i t e  B rand)  i n  t h e
d i s h e s .  The s e e d s  were  t h e n  c o v e r e d  w i t h  a  t h i n  l a y e r  o f  a u t o c l a v e d
v e r m i c u l i t e  and m o i s t e n e d  w i t h  s t e r i l e ,  d i s t i l l e d  w a t e r .  The d i s h e s  
w ere  k e p t  i n  c o n t i n u o u s  l i g h t  a t  room t e m p e r a t u r e  and  w ere  w a t e r e d  a s  
r e q u i r e d .  T h ese  p l a n t e d  d i s h e s  were  u sed  a s  s o u r c e s  o f  t h e  s e e d l i n g s  
w hich  were  t r a n s f e r r e d  t o  250 ml s t e r i l e  f l a s k s .
D e s i r e d  s t o c k  s o l u t i o n s  o f  Benomyl w ere  p r e p a r e d  e a c h  o f  w h ich  
was p o u re d  i n t o  a 250 ml f l a s k  c o n t a i n i n g  a b o u t  150 ml a u t o c l a v e d  
v e r m i c u l i t e .  The s t o c k  s o l u t i o n s  were p r e p a r e d  by  a d d in g  enough  amounts  
o f  50% w e t t a b l e  powder  o f  Benomyl t o  1000 ml o f  s t e r i l e  d i s t i l l e d  w a t e r  
t o  o b t a i n  c o n c e n t r a t i o n s  o f  a c t i v e  i n g r e d i e n t  o f  t h e  compound a t  0 ,
2 . 5 ,  5,  10 ,  20 ,  40 and 80 ppm. The n e c k  o f  e a c h  f l a s k  was c o v e r e d
w i t h  a  s m a l l  p i e c e  o f  p l a s t i c  wrap i n  w h ich  a c u p - l i k e  d e p r e s s i o n  was
s u b s e q u e n t l y  made.  The p l a s t i c  wrap was h e l d  i n  p l a c e  by  a r u b b e r  band .  
F ou r  s m a l l  h o l e s  were  p u nched  i n  t h e  p l a s t i c  wrap w i t h  a s t e r i l e  n e e d l e .  
The p l a s t i c  wrap was u s e d  t o  s u p p o r t  f o u r  c o t t o n  s e e d l i n g s  above  t h e  
f u n g i c i d e  s o l u t i o n  and  t o  keep  t h e  i n o c u lu m  i n  c o n t a c t  w i t h  t h e  s e e d l i n g s ,  
s e p a r a t e  from t h e  f u n g i c i d e  s o l u t i o n  b e lo w .  The d i s c  o f  in o c u lu m ,  
p l a c e d  n e x t  t o  t h e  s e e d l i n g  h y p o c o t y l ,  was c o v e r e d  w i t h  a s m a l l  amount 
o f  a u t o c l a v e d  v e r m i c u l i t e  and k e p t  m o i s t  t o  f a c i l i t a t e  g r o w th  o f  t h e  
f u n g u s .  Each f u n g i c i d e  t r e a t m e n t  was r e p l i c a t e d  f o u r  t i m e s ,  a s  were
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n o n t r e a t e d - n o n i n f e s t e d  and n o n t r e a t e d - i n f e s t e d  c h e c k s .  The s e e d l i n g s  
were  m a i n t a i n e d  i n  a room u n d e r  c o n t i n u o u s  a r t i f i c i a l  l i g h t  a t  25°C 
(1 '2° ) .  The number  o f  h e a l t h y  s e e d l i n g s  was r e c o r d e d  f i r s t  a f t e r  5 d a y s ,  
t h e n  a t  3 - d a y  i n t e r v a l s  up t o  a t o t a l  o f  14 d a y s .
T e r r a z o l e  was t e s t e d  i n  t h e  same way a s  Benomyl.  In  t h i s  c a s e ,  
c o n c e n t r a t i o n s  u s e d  were  a s  f o l l o w s :  20 ,  30 ,  4 0 ,  50 ,  60 and 70 ppm,
A Greenhouse Technique to Evaluate Systemic Fungicides:
I n  o r d e r  t o  p r o v e  t h a t  a  c h e m o t h e r a p e u t a n t  c a n  be t a k e n  up by  and 
become s y s t e m i c  i n  a c o t t o n  p l a n t ,  a t e c h n i q u e  had t o  be  d e v e l o p e d  
w hereby  t h e  i n o c u lu m  would n o t  c o n t a c t  t h e  t e s t  m a t e r i a l  i n  t h e  s o i l .  
T h i s  n e c e s s a r y  r e q u i r e m e n t  was c a r r i e d  o u t  t o  e x c l u d e  t h e  p o s s i b i l i t y  
o f  c o n t a m i n a t i o n  o f  t h e  in o c u lu m  by  d i r e c t  c o n t a c t  w i t h  t h e  t e s t  f u n g i ­
c i d e ,  a m ethod  which  was n o t  u s e d  by  p r e v i o u s  w o r k e r s  (1 4 ,  3 4 ) .  The 
c h e m o t h e r a p e u t i c  a c t i v i t y  o f  Benomyl,  T e r r a z o l e ,  and  V i t a v a x  was 
e v a l u a t e d  u n d e r  t h e s e  c o n d i t i o n s .  A p o r t i o n  o f  t h e  work w hich  d e a l t  
w i t h  t h e  a c t i v i t y  o f  Benomyl h a s  b e en  p u b l i s h e d  (2 )  p r e v i o u s l y .
I n  t h i s  t e c h n i q u e ,  Benomyl (507. WP) was s u sp e n d e d  i n  700 ml o f  
t a p  w a t e r  and mixed t h o r o u g h l y  w i t h  r o u g h l y  2 kg o f  a u t o c l a v e d  f i e l d  
s o i l  i n  6 - i n c h  p o t s  t o  g i v e  a c t i v e  i n g r e d i e n t s  o f  5 ,  10 ,  20,  4 0 ,  8 0 ,  
and 160 ppm, r e s p e c t i v e l y .  P o t s  w h ic h  c o n t a i n e d  s o i l  o n ly  were  u s ed  
a s  t h e  c o n t r o l s .  S h e e t s  o f  p l a s t i c  wrap w h ic h  were  u s e d  t o  c o v e r  e a c h  
p o t ,  were  h e l d  t i g h t l y  on t h e  t o p  o f  e a c h  p o t  w i t h  a  r u b b e r  b a n d .  The 
s o i l  s u r f a c e  was a b o u t  one  in c h  b e lo w  t h e  s t r e t c h e d  p l a s t i c .  T h i s  was 
done  t o  p r e v e n t  c o n t a c t  b e tw e e n  t h e  f u n g i c i d e  s o l u t i o n  i n  t h e  s o i l  and  
t h e  in o c u lu m  which  was p l a c e d  on t h e  p l a s t i c  s h e e t .
Cottonseeds were surface sterilized with a 1 :1 0 0 0  solution o f  
mercury bichloride for 5 minutes, washed with sterile distilled water, 
and planted in autoclaved vermiculite in flats in the greenhouse.
When t h e  s e e d l i n g s  w e re  o f  s u f f i c i e n t  s i z e  t h e y  were  t r a n s f e r r e d  t o
t h e  6 - i n c h  p o t s  e q u i p p e d  w i t h  p l a s t i c  c o v e r s  a s  d e s c r i b e d  i n  t h e  p r e ­
v i o u s  p a r a g r a p h .  S i x t e e n  s e e d l i n g s  were  t r a n s p l a n t e d  t h r o u g h  t h e  
p l a s t i c  i n  e a c h  p o t  so t h a t  t h e  c o t y l e d o n s  r e m a in e d  above  t h e  p l a s t i c  
c o v e r s  w i t h  t h e i r  r o o t  s y s t e m s  i n  t h e  s o i l .  F iv e  a g a r  d i s c s  c o n t a i n i n g  
R. s o l a n i  w ere  p l a c e d  on t h e  p l a s t i c  s h e e t  among t h e  16 t r a n s p l a n t e d  
s e e d l i n g s .  The d i s c s  were  t h e n  c o v e r e d  w i t h  a s m a l l  amount o f  a u t o -  
c l a v e d  f i e l d  s o i l  and k e p t  m o i s t  d u r i n g  t h e  25 d ay s  o f  t h e  e x p e r i m e n t .  
A f t e r  2 w e e k s ,  t h e  s o i l  i n  e a c h  p o t  was i r r i g a t e d  t h r o u g h  a h a l f - i n c h  
h o l e  made i n  t h e  p l a s t i c  s h e e t i n g ;  e a c h  p o t  r e c e i v e d  t h e  same q u a n t i t y  
o f  w a t e r .  The e x p e r i m e n t s  were  d e s i g n e d  t o  d e t e r m i n e  w h e t h e r  o r  n o t  
t h e  f u n g i c i d e s  were  p h y t o t o x i c  i n  w h ic h  c a s e  t h r e e  t r e a t e d - n o n i n f e s t e d  
p o t s  were u s e d  f o r  e a c h  c a n d i d a t e .  To t e s t  f o r  t h e  s y s t e m i c  a c t i v i t y  
o f  t h e  f u n g i c i d e s  t h r e e  t r e a t e d - i n f e s t e d  p o t s  were  u s e d  f o r  e a c h  c a n d i ­
d a t e ,  The numbers  o f  h e a l t h y  s e e d l i n g s  w ere  r e c o r d e d  a t  5 - d a y  i n t e r v a l s  
f o r  a t o t a l  o f  25 d ay s  from which  t h e  p e r c e n t a g e s  o f  h e a l t h y  s e e d l i n g s
i n  eac h  t r e a t m e n t  were  c a l c u l a t e d .
The same technique described above was employed to determine the 
chemotherapeutic activity of Vitavax and Terrazole. Vitavax was tested 
at the following concentrations: 1 2 . 5 ,  25 ,  50 ,  100 ,  200, and 400 ppm.
Terrazole was tested at 20 ,  4 0 ,  8 0 ,  160 ,  320 ,  and 640 ppm. Appropriate 
controls were used in experiments with these two materials.
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At t h e  end  o f  e a c h  e x p e r i m e n t  w h ich  t e r m i n a t e d  i n  25 d a y s ,  t h e  
r o o t s  o f  p l a n t s  t r e a t e d  w i t h  V i t a v a x  o r  T e r r a z o l e  were  exam ined  t o  
d e t e r m i n e  i f  t h e r e  was any  p h y t o t o x i c  e f f e c t  o f  any  o f  t h e s e  two 
compounds.  P h o t o g r a p h s  o f  s u c h  e f f e c t s  were  t a k e n .  P h y t o t o x i c i t y  
c a u s e d  by  T e r r a z o l e  and  V i t a v a x  i n  s t em s  and l e a v e s  o f  t r e a t e d  p l a n t s  
was a l s o  p h o t o g r a p h e d .
Bioassay Studies to Determine the Systemic Movement of 
Benomyl, Vitavax and Terrazole in Cotton Seedlings;
Two d i f f e r e n t  b i o a s s a y  m e th o d s  were  u s e d  to  m e as u re  p o s s i b l e  
u p t a k e  and t r a n s l o c a t i o n  o f  Benomyl,  V i t a v a x ,  and  T e r r a z o l e  from t h e  
s e a t  o f  a p p l i c a t i o n  ( r o o t s )  t o  t h e  s t e m s  and l e a v e s .  C o t t o n s e e d s  were  
s u r f a c e - s t e r i l i z e d  w i t h  1 :1 0 0 0  s o l u t i o n  o f  m e r c u r y  b i c h l o r i d e  f o r  5 
m i n u t e s ,  washed w i t h  s t e r i l e  w a t e r  and p l a n t e d  i n  g r e e n h o u s e  f l a t s .  
A u t o c l a v e d  v e r m i c u l i t e  was u s e d  a s  t h e  g e r m i n a t i n g  medium. In  t h e  c a s e  
o f  V i t a v a x  and T e r r a z o l e ,  s e e d l i n g s  w i t h  c o t y l e d o n a r y  l e a v e s  s t i l l  
f o l d e d ,  were t r a n s p l a n t e d  i n t o  V i t a v a x  o r  T e r r a z o l e - t r e a t e d  s o i l  i n  
t h e  same way a s  d e s c r i b e d  i n  t h e  g r e e n h o u s e  t e c h n i q u e .  T h i r t y  s e e d l i n g s  
w e r e  t r a n s p l a n t e d  t o  e a c h  p o t  and two r e p l i c a t i o n s  were  u s e d .  P l a s t i c  
s h e e t s  were  n o t  n e c e s s a r y ;  t h e  r o o t s  o f  t h e  s e e d l i n g s  were  g e n t l y  p u sh ed  
t h r o u g h  t h e  muddy m i x t u r e  o f  t h e  s o i l  and f u n g i c i d e .  The f o l l o w i n g  
c o n c e n t r a t i o n s  were  u s e d  f o r  V i t a v a x :  0 ,  25 ,  50 ,  100,  200 ,  and  400 ppm
and f o r  T e r r a z o l e  t h e  c o n c e n t r a t i o n s  were  a s  f o l l o w s :  0 ,  200 ,  4 0 0 ,  600 ,
BOO, and 1000 ppm.
I n  t h e  f i r s t  b i o a s s a y  m e th o d ,  t e n  g rams o f  r o o t - t r e a t e d  s e e d l i n g s  
were  h a r v e s t e d  a t  random from  e a c h  t r e a t m e n t .  S e e d l i n g  s t em s  were  c u t  
a t  1 cm above  t h e  s o i l  l e v e l .  T h i s  was done t o  e l i m i n a t e  c o n t a m i n a t i o n
o f  t h e  s e e d l i n g  w i t h  t h e  t r e a t e d  s o i l .  S e e d l i n g s  were  washed  s e v e r a l  
t i m e s  i n  t a p  w a t e r  (6 t i m e s )  and  t h e n  s u r f a c e  s t e r i l i z e d  i n  a s o l u t i o n  
o f  107. c l o r o x  f o r  5 m i n u t e s .  E x c e s s  o f  t h e  c l o r o x  was washed  4 t i m e s  
i n  s t e r i l e  w a t e r .  The 10 g o f  s tem s  and l e a v e s  were  t h e n  g ro u n d  w i t h  
10 ml o f  s t e r i l e  d i s t i l l e d  w a t e r  i n  s t e r i l e  m o r t a r s  and p e s t l e s ,  and 
f i l t r a t e d  t h r o u g h  c h e e s e c l o t h  i n t o  s t e r i l e  t e s t  t u b e s .  The f i l t r a t e  
was ad d ed  t o  100 ml PDA i n  250 ml E r l e n m e y e r  f l a s k s ,  a f t e r  t h e  l a t t e r  
had  c o o l e d  t o  a b o u t  5 0 -5 5 ° C .  A lso  t e n  d r o p s  o f  257. l a c t i c  a c i d  were  
added  t o  t h e  medium i n  e a c h  f l a s k  t o  p r e v e n t  b a c t e r i a l  g r o w t h .  F i l ­
t r a t e  and medium were  t h o r o u g h l y  mixed by  r o t a t i n g  t h e  f l a s k s  s e v e r a l  
t i m e s .  Four  p l a t e s  were  p o u r e d  b e f o r e  t h e  a g a r  had  s o l i d i f i e d .  Each 
was t h e n  s e e d e d  w i t h  8 mm a g a r  d i s c s  c o n t a i n i n g  P y th ium  debaryanum  and 
R, s o l a n i  i n  c a s e  o f  T e r r a z o l e ;  and w i t h  R. s o l a n i  a l o n e  f o r  t h e  V i t a v a x  
e x p e r i m e n t s .  A c u l t u r e  o f  P.  d e b a r y a n u m . i s o l a t e d  from c o t t o n  s e e d l i n g s  
were  u s ed  a s  a t e s t  o r g a n i s m  t o  d e t e c t  t h e  p r e s e n c e  o f  T e r r a z o l e  i n  
p l a n t  t i s s u e s  b e c a u s e  i t  was found t o  be v e r y  s e n s i t i v e .  P l a t e s  were 
i n c u b a t e d  a t  room t e m p e r a t u r e s  (25°C *2) and r a d i a l  g r o w th  o f  t h e  f u n g i  
was r e c o r d e d  a f t e r  t h e  m y c e l i a l  g ro w th  i n  t h e  c h e c k  c o m p l e t e l y  c o v e r e d  
t h e  a g a r .
A n o th e r  b i o a s s a y  method c a l l e d  t h e  l e a f  d i s c  t e c h n i q u e  was 
employed t o  d e t e c t  t h e  p r e s e n c e  o f  Benomyl i n  t h e  t r e a t e d  t i s s u e s .
The d i s c s  were  t a k e n  from B e n o m y l - t r e a t e d  p l a n t s  a t  v a r i o u s  i n t e r v a l s  
t h r o u g h o u t  t h e  c o u r s e  o f  a  g r e e n h o u s e  e x p e r i m e n t .  A f l a m e d - s t e r l l l z e d  
#6 c o r k - b o r e r  was u s e d  t o  c u t  l e a f  d i s c s  from c o t y l e d o n s  and t r u e  
l e a v e s .  The d i s c s  were  s u r f a c e - s t e r i l i z e d  w i t h  107. c o m m e rc i a l  c l o r o x  
f o r  5 m i n u t e s ,  t h e n  r i n s e d  4 t i m e s  w i t h  s t e r i l e  d i s t i l l e d  w a t e r  t o
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remove t h e  e x c e s s  c l o r o x .  Ten d i s c s  w e re  t a k e n  a t  random f rom  e a c h  
t r e a t m e n t  and two o f  them p l a c e d  on PDA i n  p e t r i  d i s h e s .  B e f o r e  
p o u r i n g  t h e  medium i n  p l a t e s ,  10 d r o p s  o f  25% l a c t i c  a c i d  were  added  
t o  e a c h  100 ml o f  t h e  medium. T h i s  a g a i n  was done t o  p r e v e n t  b a c t e r i a l  
g r o w t h .  P l a t e s  w i t h  t h e  l e a f  d i s c s  o n l y  (no f u n g u s )  were  i n c u b a t e d  a t  
room t e m p e r a t u r e  f o r  24 h o u r s  b e f o r e  t h e y  were  s e e d e d  w i t h  t h e  t e s t  
f u n g u s .  T h i s  was c a r r i e d  o u t  t o  a l l o w  t h e  c h e m i c a l  t o  d i f f u s e  ou tw a rd  
i n  t h e  a g a r  b e f o r e  t h e  e s t a b l i s h m e n t  o f  t h e  t e s t  fu n g u s .
An i s o l a t e  o f  D i p l o d i a  g o s s y p i n a , i s o l a t e d  from c o t t o n ,  was found 
v e r y  s e n s i t i v e  t o  Benomyl and was u s e d  a s  a t e s t  o r g a n i s m  t o  a s s a y  t h e  
p r e s e n c e  o f  t h e  compound i n  t h e  u p p e r  p a r t  o f  t h e  p l a n t  a f t e r  i t  had  
b e e n  a p p l i e d  t o  t h e  s o i l .  Agar  d i s c s  b e a r i n g  t h e  t e s t  fu n g u s  were  
th e n  p l a c e d  e q u i d i s t a n t  b e tw e e n  t h e  two l e a f  d i s c s  i n  e a c h  p l a t e .  In  
a s i n g l e  e x p e r i m e n t ,  h o w e v e r ,  one l e a f  d i s c  was p l a c e d  i n  e a c h  p l a t e .
A s t e r i l e  #2 c o r k b o r e r  was u s ed  t o  c u t  a g a r  d i s c s  from a 7 - d a y  o l d  
c u l t u r e .  Seeded  a g a r s  i n  p l a t e s  were  t h e n  i n c u b a t e d  a t  room t e m p e r a ­
t u r e s  and i n h i b i t i o n  zones  c a u s e d  by  t h e  p r e s e n c e  o f  Benomyl o r  c l o s e l y  
r e l a t e d  compounds in  t h e  l e a f  d i s c s  a p p e a r e d  a s  t h e  fu n g u s  c o v e r e d  t h e  
whole  p l a t e  i n  t h e  c h e c k .
L ea f  d i s c s  were  t a k e n  7 d a y s ,  14 d a y s ,  21 d a y s ,  and 28 days  
f o l l o w i n g  t h e  a p p l i c a t i o n  o f  Benomyl t o  t h e  s o i l .  In  one e x p e r i m e n t  
d i s c s  were t a k e n  60 d a y s  a f t e r  Benomyl had b e en  a p p l i e d  t o  t h e  s o i l .
The l e a f  d i s c  t e c h n i q u e  was employed in  a s s a y i n g  t r e a t e d  p l a n t s  
f o r  V i t a v a x  a c t i v i t y .  In  one t e s t ,  i n s t e a d  o f  l e a f  d i s c s ,  s m a l l  p i e c e s  
o f  s tem s  from s e e d l i n g s  w h ich  were  e x c i s e d  j u s t  above  t h e  s o i l  l i n e  and 
t r e a t e d  a t  0 ,  50 ,  100,  200 and 400  ppm were  a s s a y e d  i n  t h e  same manner
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d e s c r i b e d  f o r  B e n o m y l - t r e a t e d  l e a v e s .  Agar d i s c s  c o n t a i n i n g  R. s o l a n i  
s e r v e d  a s  a t e s t  o r g a n i s m .  Stem s a m p l e s  w e re  t a k e n  4 d ay s  f o l l o w i n g  
t h e  a p p l i c a t i o n  o f  V i t a v a x  t o  t h e  s o i l .  I n h i b i t i o n  z o n e s  o c c u r r e d
4 -5  d a y s  a f t e r  t h e  b i o a s s a y e d  p l a t e s  had  b e e n  i n c u b a t e d .  I n  o t h e r
e x p e r i m e n t s  U s t l l a g o  m a y d is  was u s e d  a s  a t e s t  o r g a n i s m  t o  a s s a y  
V i t a v a x - t r e a t e d  p l a n t s  w i t h  t h e  l e a f  d i s c  m e thod .
E f f e c t s  o f  Benomyl,  T e r r a z o l e  and V i t a v a x  on R. s o l a n i  i n  V i t r o ;
The i n  v i t r o  e f f e c t  o f  e a c h  f u n g i c i d e  on th e  g r o w th  o f  R. s o l a n i
a n d / o r  o t h e r  f u n g i  was t e s t e d  i n  an  a t t e m p t  t o  d e t e r m i n e  w h e t h e r  o r  n o t
t h e s e  compounds had  a d i r e c t  e f f e c t  on t h e  t e s t  f u n g u s > R, s o l a n i .
D e s i r e d  am ounts  o f  t h e  a u t o c l a v e d  medium were p o u re d  i n t o  500 ml
E r l e n m e y e r  f l a s k s .  A f t e r  t h e  medium i n  e a c h  f l a s k  had  c o o l e d  t o  a b o u t  
o
50 C. , s u f f i c i e n t  q u a n t i t i e s  o f  t h e  t e s t  compound, a s  a c t i v e  m a t e r i a l ,  
were  added  t o  t h e  medium t o  o b t a i n  t h e  r e q u i r e d  c o n c e n t r a t i o n s .  I n  
c a s e s  w here  i t  was d i f f i c u l t  t o  m e as u re  t h e  r e q u i r e d  am oun ts  o f  t h e  
f u n g i c i d e ,  a d i l u t i o n  s e r i e s  was u s e d  (by a d d i n g  t o  a medium w i t h  known 
c o n c e n t r a t i o n  o f  t h e  compound, an e q u a l  volume o f  n o rm a l  medium t o  d i l u t e  
t h e  f o r m e r ) .  When n e c e s s a r y ,  t h i s  p r o c e d u r e  was r e p e a t e d  u n t i l  t h e  
r e q u i r e d  minimum c o n c e n t r a t i o n  was r e a c h e d .
The c o n t e n t s  o f  e a c h  f l a s k  was t h e n  p o u r e d  i n t o  p e t r i  d i s h e s .
F o u r  r e p l i c a t e s  were  j 3 e d  f o r  e a c h  t r e a t m e n t  i n  a l l  e x p e r i m e n t s .  The 
s o l i d i f i e d  p l a t e s  w ere  s e e d e d  i n  t h e  c e n t e r  w i t h  8 mm a g a r  d i s c s  t a k e n  
from an a c t i v e  c u l t u r e  o f  R, s o l a n i . A l l  p l a t e s  w ere  i n c u b a t e d  a t  25°C. 
E f f e c t s  o f  t h e  compounds were  m e as u re d  by  c o m p ar in g  d i a m e t e r  g r o w th  o f  
t h e  c o l o n i e s  on t h e  t r e a t e d  a g a r s  w i t h  t h e  d i a m e t e r  g r o w th  o f  t h o s e  on 
t h e  c o n t r o l  a g a r .  M easu rem en ts  were t a k e n  i n  c e n t i m e t e r s  when t h e
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c o n t r o l  c o l o n i e s  had  r e a c h e d  t h e  e d g e s  o f  t h e  a g a r ,  which  was a p p r o x i ­
m a t e l y  3 -4  d a y s  a f t e r  s e e d i n g .  M easu rem en ts  o f  a l l  f o u r  r e p l i c a t e s  
were  t h e n  a v e r a g e d .
At t h e  end o f  e a c h  e x p e r i m e n t ,  t h e  o r i g i n a l  a g a r  d i s c s  u s e d  t o  
s e e d  t h e  P i  a t e s  which  showed no i n c r e a s e  i n  d i a m e t e r  g r o w th  w ere  p l a c e d
on a f r e s h  PDA medium c o n t a i n i n g  no t e s t  c h e m i c a l s .  I f  t h e  fu n g u s
f a i l e d  t o  g row o u t  from t h e  d i s c s ,  t h e  compound was c o n s i d e r e d  f u n g i ­
t o x i c  a t  t h a t  c o n c e n t r a t i o n .
Fungicide Volatility Studies:
T h ese  t e s t s  w ere  c o n d u c t e d  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  t h e  
f u n g i c i d e s  m ig h t  be v o l a t i l e  r a t h e r  t h a n  s y s t e m i c  i n  a c t i o n .
Aqueous s u s p e n s i o n s  of  t h e  t e s t  f u n g i c i d e s  u s i n g  400 ml o f  
m a t e r i a l  were  p o u red  i n t o  l a r g e  g l a s s  sp ec im e n  d i s h e s .  C o n c e n t r a t i o n s  
u s e d  f o r  Benomyl and V i t a v a x  were  5 ,  10 ,  20,  4 0 ,  and 80 ppm. Fo r
T e r r a z o l e ,  c o n c e n t r a t i o n s  o f  20 ,  30 ,  4 0 ,  50 ,  6 0 ,  and 80 ppm were  u s e d .
S t e r i l e  d i s t i l l e d  w a t e r  was u s e d  t o  p r e p a r e  a l l  t h e  c h e m i c a l  s t o c k  
s o l u t i o n s .  P e t r i  d i s h  b o t t o m s  c o n t a i n i n g  PDA were  s ee d e d  w i t h  a g a r  
d i s c s  o f  R. s o l a n i  and  f l o a t e d ,  a f t e r  r e m o v a l  o f  t h e i r  t o p s ,  on t h e  
s u r f a c e  o f  t h e  a q u e o u s  s o l u t i o n  o f  e a c h  f u n g i c i d e  a t  v a r i o u s  c o n c e n ­
t r a t i o n s  and  on s t e r i l e  d i s t i l l e d  w a t e r  a s  a c h e c k .  The c o v e r s  o f  t h e  
sp ec im e n  d i s h e s  w ere  n o t  removed.
T h i s  method was r e p e a t e d  u s i n g  T e r r a z o l e  a s  a t e s t  f u n g i c i d e .  
S h e e t s  o f  p l a s t i c  f a s t e n e d  on d i s h e s  w i t h  r u b b e r  b a n d s  r a t h e r  t h a n  
g l a s s  t o p s  w ere  u s e d  t o  c o v e r  t h e  s p ec im e n  d i s h e s .  T h i s  e x p e r i m e n t  
was p e r f o r m e d  t o  d u p l i c a t e  a s  c l o s e l y  as  p o s s i b l e  e x p e r i m e n t s  i n  which  
p l a s t i c  s h e e t s  were u s e d  t o  s e p a r a t e  t h e  f u n g i c i d e  from t h e  in o c u lu m .
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Observations on the growth of R. solani was made at the end of each 
experiment. The experiments were considered terminated when the 
mycelial growth of the fungus completely covered plates in the check. 
Each fungicide was tested twice.
Systemic Fungicidal Assay by Means of Paper Chromatography:
a )  E x t r a c t i o n  o f  P l a n t  S a p : The t h i n - l a y e r  c h r o m a t o g r a p h i c  (TLC)
t e c h n i q u e  was employed t o  d e m o n s t r a t e  t h e  p r e s e n c e  and t h e  p o s s i b l e  
b reakdow n  o r  m e t a b o l i z a t i o n  o f  Benomyl and V i t a v a x  i n  t h e  p l a n t  t i s s u e s  
f o l l o w i n g  t h e i r  a p p l i c a t i o n s  t o  t h e  s o i l .  C o t t o n  s e e d l i n g s  were  
grown i n  v e r m i c u l i t e  u n t i l  t h e y  were  5 - 8  cm t a l l  a f t e r  which  t h e y  
were t r a n s p l a n t e d  t o  a u t o c l a v e d  f i e l d  s o i l  t r e a t e d  w i t h  2000 ppm a c t i v e  
Benomyl o r  V i t a v a x .
A f t e r  t h e  s e e d l i n g s  grew i n  t h e  B e n o m y l - t r e a t e d  s o i l  f o r  10 d a y s ,  
t h e y  were c u t  a t  a b o u t  0 . 5  cm above  t h e  l e v e l  o f  t h e  s o i l ,  washed 
w i t h  t a p  w a t e r  4 -5  t i m e s  and d r i e d  g e n t l y  by p r e s s i n g  them b e t w e e n  
p a p e r  t o w e l s .  The g e n e r a l  a p p r o a c h  t o  t h i s  s t u d y  i s  s i m i l a r  t o  t h a t  
r e p o r t e d  by A l la m  (4 )  w i t h  l i t t l e  m o d i f i c a t i o n s .  An 8 . 0  g sample  o f  
whole  s e e d l i n g s  w i t h o u t  r o o t s  was g ro u n d  i n  a m o r t a r  and  p e s t l e  w i t h  
10 ml o f  a m i x t u r e  o f  s t e r i l e  d i s t i l l e d  w a t e r  and c h l o r o f o r m  i n  1 :1  
r a t i o .  The same amount o f  t i s s u e s  f rom  n o n t r e a t e d  p l a n t s  was g r o u n d  
s e p a r a t e l y  i n  t h e  same manner  and s e r v e d  a s  a c h e c k .  The r e s u l t i n g  
g r i n d a t e s  were f i l t r a t e d  i n t o  t e s t  t u b e s  t h r o u g h  s t e r i l e  c h e e s e c l o t h .  
Each sample  was p o u r e d  i n t o  a 125 ml s e p a r a t o r y  f u n n e l .
Ten ml o f  c h l o r o f o r m  was g e n t l y  p o u re d  down t h e  s i d e  o f  t h e  
f u n n e l ,  which  was g e n t l y  r o t a t e d  u n t i l  t h e  down l a y e r  became q u i t e  
c l e a r .  The m i x t u r e  i n  t h e  f u n n e l  was a l l o w e d  t o  s e t t l e  f o r  5 min .  a t
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w hich  t im e  t h e  l a y e r s  o f  t h e  m i x t u r e  s e p a r a t e d .  The l o w e r  c h l o r o f o r m  
l a y e r  was t h e n  drawn o f f  and s t o r e d  in  a t e s t  t u b e .  The e x t r a c t i o n  
p r o c e d u r e  f o r  e a c h  sam ple  was r e p e a t e d  t w i c e .  The volume o f  c h l o r o ­
form f r a c t i o n  was r e d u c e d  t o  a b o u t  5 ml by  e v a p o r a t i o n  w i t h  c o m p re s s e d  
n i t r o g e n .
Two 2000 ppm a c t i v e  Benomyl s am p le s  were  p r e p a r e d  by  a d d i n g  0 . 4  g 
o f  t h e  507. w e t t a b l e  powder o f  t h e  compound t o  100 ml c h l o r o f o r m .  T h i s  
s t a n d a r d  s o l u t i o n  o f  t h e  p u r e  c h e m i c a l  s e r v e d  a s  a g u i d e  t o  l o c a t e  t h e  
Benomyl from e x t r a c t e d  p l a n t  s a p .
b )  D eve lopm ent  o f  C h ro m a to g ra m s : Samples  f rom  t h e  s t a n d a r d
s o l u t i o n  ( p u r e  Benomyl) and from t h e  p l a n t  e x t r a c t i o n ,  from b o t h  
B e n o m y l - t r e a t e d  and c o n t r o l  p l a n t s ,  were  s p o t t e d  on Eas tman c h ro m a to g ram  
s h e e t s  (-*6062 w i t h  f l u o r e s c e n t  i n d i c a t o r )  and  d e v e l o p e d  in  1 g a l  g l a s s  
j a r s .  The c h ro m a to g ra m  s h e e t s  were  o b t a i n e d  from t h e  D i v i s i o n  o f  
Eas tm an  Kodak Company, R o c h e s t e r ,  New York .  Each c h ro m a ta g r a m  s h e e t  
was c u t  i n t o  e q u a l  s t r i p s ,  e a c h  o f  w h ich  was t r e a t e d  w i t h  a s o l v e n t  
s y s t e m ,  A 50 m i c r o l i t e r  o f  e a c h  sam ple  t o  be t e s t e d  was drawn by a  
m i c r o p i p p e t  and s p o t t e d  a t  2 cm above  t h e  end o f  t h e  s t r i p  and a l l o w e d  
t o  d r y .  T h e r e  were  t h r e e  s p o t s  on e a c h  s t r i p  a r r a n g e d  from l e f t  t o  
r i g h t  i n  t h e  f o l l o w i n g  o r d e r :  f i r s t  s p o t ,  r e p r e s e n t e d  t h e  p u r e
c h e m i c a l  o r  t h e  s t a n d a r d  s o l u t i o n ;  t h e  s e c o n d ,  r e p r e s e n t e d  t h e  e x t r a c t e d  
sap  from c o n t r o l  p l a n t s ;  t h e  t h i r d  r e p r e s e n t e d  t h e  e x t r a c t e d  sap  from 
B e n o m y l - t r e a t e d  p l a n t s .  The s t r i p  was t h e n  p l a c e d  so t h a t  a  few 
m i l l i m e t e r s  o f  i t  was 1 timersed i n t o  a s o l v e n t  i n  a 1 g a l  s e a l e d  g l a s s  
j a r .  I t  i s  e s s e n t i a l  t h a t  t h e  d r i e d  s p o t s  a r e  n o t  immersed i n  t h e  
s o l v e n t  b e c a u s e  t h e y  may d i s s o l v e  o f f  i n t o  t h e  s o l v e n t  and be l o s t .
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The s o l v e n t  b e g a n  t o  f lo w  a l o n g  t h e  s t r i p ,  o v e r  t h e  s p o t  and 
to w a r d s  t h e  f a r  end  o f  i t .  S o l v e n t s ,  i n  a l l  c a s e s ,  w ere  a l l o w e d  t o  
f l o w  f o r  10 cm above  t h e  s p o t s ,  a f t e r  w h ich  t h e  s t r i p  was w i th d ra w n  
and r a p i d l y  d r i e d .  O b s e r v a t i o n  o f  zo n es  o r  s p o t s ,  a f t e r  d e v e l o p m e n t ,  
was a c c o m p l i s h e d  u n d e r  u l t r a v i o l e t  l i g h t  ( s h o r t w a v e  UVS-12) .
The p o s i t i o n  o f  a s u b s t a n c e  on  a c h ro m a to g ra m  i s  s p e c i f i e d  by  
i t s  " R f M, w hich  i s  d e f i n e d  a s  t h e  d i s t a n c e  t h e  m a t e r i a l  h a s  moved 
f rom t h e  o r i g i n a l  p o i n t  o f  a p p l i c a t i o n  d i v i d e d  by  t h e  d i s t a n c e  t h e  
s o l v e n t  f r o n t  h a s  t r a v e l e d  from t h a t  p o i n t .
Or: D i s t a n c e  t r a v e l e d  by  t h e  zone________________________
D i s t a n c e  s i m u l t a n e o u s l y  t r a v e l e d  by  s o l v e n t  f r o n t
Seven  s o l v e n t  s y s t e m s ;  m e t h a n o l - a c e t o n e  ( 5 0 : 5 0  v / v ) , e t h y l  
a l c o h o l ,  b e n z e n e ,  e t h y l  e t h e r ,  a c e t o n e ,  c h l o r o f o r m  and m e th a n o l  were  
u s e d  i n  t h e  e x p e r i m e n t a l  work  w i t h  Benomyl. P h o t o g r a p h s  were t a k e n  o f  
a l l  t h e  c h r o m a to g r a m s ,  i n  a l l  t h e  s o l v e n t  s y s t e m s  m e n t io n e d  a b o v e ,  on 
Ek tach rom e  f i l m .
I n  g e n e r a l ,  t h e  same e x p e r i m e n t a l  p r o c e d u r e s  w ere  u s e d  t o  d e t e c t  
t h e  p r e s e n c e  o f  V i t a v a x  in  t i s s u e  o f  t r e a t e d  p l a n t s .  The o n l y  d i f f e r ­
e n c e  was t h a t  c h r o m a to g r a m s ,  a f t e r  d e v e l o p m e n t ,  were  s p r a y e d  w i t h  0.57. 
F l o u r e s c e i n  i n  m e t h a n o l ,  a l l o w e d  t o  d r y  and th e n  V i t a v a x  s p o t s  were  
i d e n t i f i e d  by  p l a c i n g  s t r i p s  u n d e r  t h e  same u l t r a v i o l e t  l i g h t  u s e d  f o r  
d e t e c t i n g  t h e  s p o t s  o f  Benomyl.  P h o t o g r a p h s  were  made w i t h  t h e  
P o l a r o i d  Mp-3 Camera on a P o l a r o i d  4x7. B l a c k  and  W hi te  F i l m  Type 55/PN.
C a l c u l a t i o n  o f  Rf v a l u e s  was made i n  t h i s  c a s e ,  a c c o r d i n g  t o  t h e  
f o l l o w i n g  e q u a t i o n .
Rf = D i s t a n c e  t r a v e l e d  by  c e n t e r  o f  zone_________________
D i s t a n c e  s i m u l t a n e o u s l y  t r a v e l e d  by  s o l v e n t  f r o n t .
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The following solvent systems were used to develop the chromato­
grams of Vitavax: methanol, butanol, acetone, benzene, chloroform,
ethyl alcohol and mcthanol-acetone (2:8 v/v).
B i o a s s a y  S t u d i e s  o f  C h ro m a to g ra p h e d  E x t r a c t s  from 
B e n o m y l - T r e a t e d  and C o n t r o l  P l a n t s
An e x p e r i m e n t  was p e r f o r m e d  t o  d e t e r m i n e  w h e t h e r  o r  n o t  s p o t s  
f rom  e x t r a c t s  o f  B e n o m y l - t r e a t e d  p l a n t s ,  w h ic h  a p p e a r e d  t o  h a v e  t h e  
same Rf v a l u e s  a s  t h e  a u t h e n t i c  compound ( p u r e  B enom yl) ,  had  any 
f u n g i t o x i c  e f f e c t  on t h e  g r o w th  o f  R. s o l a n l  i n  v i t r o .
S p o t s  t h a t  were  d e t e c t e d  c h r o m a t o g r a p h i c a l l y  from t h e  a u t h e n t i c  
compound and from B e n o m y l - t r e a t e d  p l a n t  e x t r a c t s  were  removed w i t h  
s t e r i l e  s p a t u l a s  from f i v e  c h ro m a to g ra m  s t r i p s ,  e ac h  d e v e l o p e d  i n  a 
d i f f e r e n t  s o l v e n t .  The r e c o v e r e d  m a t e r i a l s  were  t h e n  i n c o r p o r a t e d  
i n t o  100 ml o f  PDA medium. A r e a s  o f  t h e  s t r i p s  where  c o n t r o l  p l a n t  
e x t r a c t s  s p o t t e d  were  a l s o  removed and added  t o  t h e  same amount o f  
medium.
The t r e a t e d  medium was t h e n  p o u re d  i n t o  5 p l a t e s ,  e ac h  s e e d e d  
c e n t r a l l y  w i t h  an  a g a r  d i s c  c o n t a i n i n g  R. s o l a n i . F iv e  o t h e r  p l a t e s  
w i t h  PDA o n l y  w ere  s e e d e d  w i t h  t h e  same fu n g u s  t o  g i v e  a n o t h e r  c o n t r o l .  
The s e e d e d  p l a t e s  were  i n c u b a t e d  a t  room t e m p e r a t u r e s ,  and  t h e  g r o w th  
r a t e s  d e t e r m i n e d  by  m e a s u r i n g  t h e  d i a m e t e r s  o f  t h e  f u n g a l  c o l o n i e s  f o r  
e a c h  t r e a t m e n t .  The m e a s u re m e n t s  were  t h e n  a v e r a g e d .
RESULTS
L a b o r a t o r y  S t u d i e s
Benomyl and Terrazole were investigated for possible systemic 
action and chemotherapeutic effect in cotton seedlings against R. 
solani employing the flask technique.
The r e s u l t s  o f  t h r e e  e x p e r i m e n t s  ( T a b l e s  1 and 2) showed t h a t  
c o m p le t e  c o n t r o l  o f  t h e  s o r e s h i n  d i s e a s e  was a c h i e v e d  f o r  a t  l e a s t  15 
d ay s  i n  s e e d l i n g s  when t h e  r o o t s  were  immersed  i n  a q u eo u s  s u s p e n s i o n s  
o f  5 ,  10,  20 ,  25,  4 0 ,  5 0 ,  8 0 ,  100, 200, and  400 ppm a c t i v e  Benomyl,  
T a b le  1 shows t h a t  a t  2 .5  ppm, 6 8 . 8  p e r  c e n t  o f  t h e  s e e d l i n g s  r e m a in e d  
h e a l t h y  i n  t h e  f i r s t  e x p e r i m e n t  a s  compared  w i t h  3 1 .3  p e r  c e n t  i n  t h e  
s ec o n d  e x p e r i m e n t .  The a v e r a g e  s u r v i v a l  o f  i n o c u l a t e d  c o n t r o l  i n  b o t h  
e x p e r i m e n t s  was 9 . 4  p e r  c e n t ,  w h i l e  t h e r e  was 100 p e r  c e n t  s u r v i v a l  o f  
t h e  c o n t r o l s  w i t h o u t  i n o c u lu m  in  b o t h  e x p e r i m e n t s .
P h y t o t o x i c  e f f e c t s  o f  Benomyl were  n o t  n o t i c e d  i n  t h e  f i r s t  or 
t h e  s eco n d  e x p e r i m e n t  when t h e  compound was u s e d  a t  c o n c e n t r a t i o n s  of
2 . 5 - 8 0  ppm ( T a b l e  1 and F i g u r e  1 ) ,  However ,  symptoms o f  p h y t o t o x i c i t y  
became p r o n o u n c e d  when h i g h  r a t e s  o f  Benomyl were  u s e d .  I n  a s i n g l e  
e x p e r i m e n t  ( T a b le  2) t h e  compound was t e s t e d  a t  0 ,  5 ,  25,  50,  100 ,
200 ,  and 400 ppm. Discoloration was observed on the hypocotyls of 
seedlings treated with 400 ppm one day after the start of the experi­
ment. The symptoms appeared at first as orange spots on the hypocotyls 
just above the suspension levels in the flask. Two days later, similar 
discoloration appeared on the hypocotyls of seedlings growing in 200
42
T ab le  1. Mean (4 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  a t  s e v e r a l  i n t e r v a l s  a f t e r  i n o c u l a t i o n
w i t h  R. s o l a n i  and showing d e g re e  o f  p h y t o t o x i c i t y  c au sed  by Benomyl w i t h  t h e  f l a s k  t e c h n i q u e .
Rate  i n  
ppm R. s o l a n i
Mean 
a t  5 ,  8
p e r  
, 11
c e n t
and
o f  h e a l t h y  s e e d l i n g s  
14 days a f t e r  i n o c u l a t i o n
Exper im ent  I Exper im ent  I I
5 8 11 14 :
D e g re e i /  o f  
P h y t o t o x i c i t y  5 8 11 14 :
Degree of 
P h y to t o x ic  i t y
0 No 100 .0 100.0 1 00 .0 100.0 0 100 .0 100 .0 100.0 100.0 0
0 Yes 5 0 .0 4 3 .8 25 .0 12 .5 0 9 3 .8 4 3 .8 6 . 3 6 .3 0
2 .5 Yes 87 .5 75 .0 68 .8 68 .8 0 100 .0 9 3 .8 6 2 .5 31 .3 0
5 Yes 1 00 .0 100.0 100 .0 100 .0 0 1 0 0 .0 100 .0 100.0 100 .0 0
10 Yes 100 .0 100 .0 1 00 .0 100.0 0 100 .0 1 0 0 .0 100.0 1 00 .0 0
20 Yes 100 .0 100 .0 100 .0 100.0 0 10 0 .0 10 0 .0 100.0 1 00 .0 0
40 Yes 100 .0 100 .0 100.0 100.0 0 1 0 0 .0 1 0 0 .0 100.0 100 .0 0
80 Yes 100.0 100 .0 100 .0 100.0 0 100 .0 1 0 0 .0 100 .0 100.0 0
1 /  0 ■ No p h y t o t o x i c i t y .
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T a b l e  2 .  Mean (4  r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  a t  
s e v e r a l  i n t e r v a l s  a f t e r  i n o c u l a t i o n  w i t h  R. s o l a n i  and  
showing d e g r e e  o f  p h y t o t o x i c i t y  c a u s e d  b y  Benomyl w i t h  t h e  
f l a s k  t e c h n i q u e .
R a te  i n  
ppm
R.
s o l a n i
Mean p e r  c e n t  o f  h e a l t h y  
a t  5 ,  8 and 11 d a y s  a f t e r
s e e d l i n g s  
i n o c u l a t i o n D egree— o f  
p h y t o t o x i c i t y5 8 I t
0 No 1 0 0 .0 1 0 0 .0 1 0 0 .0 0
0 Yes 6 2 . 5 6 . 3 6 . 3 0
5 Yes 1 0 0 .0 1 0 0 .0 1 0 0 . 0 0
25 Yes 1 0 0 . 0 1 0 0 .0 1 0 0 .0 0
50 Yes 1 0 0 .0 1 0 0 .0 1 0 0 . 0 0
100 Yes 1 0 0 .0 1 0 0 .0 1 0 0 .0 +
200 Yes 1 0 0 . 0 1 0 0 .0 1 0 0 .0 ++
400 Yes 100.0 1 0 0 .0 1 0 0 .0 •H+
1 /  0 = No p h y t o t o x i c i t y .  
+ » S l i g h t  
-H- = M o d e ra te  
-H-+ = S e v e r e
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t
F i g u r e  I .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by Benomyl
u s i n g  t h e  f l a s k  t e c h n i q u e .  F l a s k s  from r i g h t  t o  l e f t  c o n t a i n  
t h e  f o l l o w i n g  r a t e s  o f  Benomyl:  0 ( c o n t r o l  w i t h o u t  i n o c u l u m ) ,
0 ( i n o c u l a t e d  c o n t r o l ) ,  2 . 5 ,  5 ,  10,  20,  40 ,  and 80 ppm. 
r e s p e c t i v e l y .
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and 100 ppm. As t im e  p r o g r e s s e d ,  t h e  s p o t s  i n c r e a s e d  i n  s i z e ,  became 
d e e p e r  i n  c o l o r ,  and  f i n a l l y  g i r d l e d  t h e  h y p o c o t y l s  ( F i g u r e  2 ) .
When t h e  same t e c h n i q u e  was a p p l i e d  t o  T e r r a z o l e ,  a l m o s t  com­
p l e t e  c o n t r o l  o f  R. s o l a n i  was a c c o m p l i s h e d  a t  c o n c e n t r a t i o n s  o f  4 0 ,
50 ,  60 ,  and 70 ppm. The results of two experiments are presented in 
Table 3 and Figure 3,  Data from this table show that in both experi­
ments a higher percentage of seedlings remained healthy when treated 
with 20 and 30 ppm Terrazole as compared with those in the inoculated 
controls. None of the control plants without inoculum died.
A p h y t o t o x i c  e f f e c t  s i m i l a r  t o  t h a t  i n d u c e d  b y  Benomyl was e v i ­
d e n t  on h y p o c o t y l s  o f  some s e e d l i n g s  grown i n  50 ,  6 0 ,  and  70 ppm 
T e r r a z o l e .  Symptoms a p p e a r e d  a t  f i r s t  a s  d i s c o l o r e d  s p o t s  w h ich  
became d e ep  brown i n  c o l o r  and g i r d l e d  t h e  h y p o c o t y l s  o f  t h e  s e e d l i n g s .  
L a t e r  t h e  h y p o c o t y l s  became c o n s t r i c t e d  above  t h e  l e v e l  o f  t h e  f u n g i c i d e  
s o l u t i o n s .
Another type of phytotoxicity occurred on all plants treated 
with 20 to 70 ppm Terrazole. The tap roots of affected plants were 
shorter and the lateral roots less numerous and smaller than those of 
the control plants. This effect on the root system became more marked 
as the rates of the compound were increased.
Greenhouse Studies
S e v e r a l  e x p e r i m e n t s  were  c o n d u c t e d  i n  t h e  g r e e n h o u s e  i n  an  
a t t e m p t  t o  e x p l o r e  t h e  e f f e c t i v e n e s s  o f  Benomyl ,  T e r r a z o l e ,  and 
V i t a v a x  a s  s y s t e m i c  f u n g i c i d e s  f o r  t h e  c o n t r o l  o f  R. s o l a n i  i n  c o t t o n  
s e e d l i n g s .  The d a t a  o b t a i n e d  from two e x p e r i m e n t s  w i t h  Benomyl a r e  
sum m arized  i n  T a b l e  4 and  F i g u r e s  4 and  5.
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F i g u r e  2,  H y p o c o ty l s  o f  c o t t o n  s e e d l i n g s  grown i n  v a r i o u s  c o n c e n t r a ­
t i o n s  o f  Benomyl showing p h y t o t o x i c i t y .  R oo ts  from l e f t  
t o  r i g h t  were immersed i n  c o n c e n t r a t i o n s  o f  4 0 0 ,  200 ,  100 ,  
5 0 ,  25,  and 0 ppm. N o te  c o n s t r i c t e d  a r e a s  on h y p o c o t y l s  
on t h o s e  t r e a t e d  w i t h  4 0 0 ,  200 ,  and 100 ppm.
T a b le  3.  Mean (4 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  a t  s e v e r a l  i n t e r v a l s  a f t e r  i n o c u l a t i o n
with R. solani and showing degree of phytotoxicity caused by Terrazole with the flask technique
R a t e  i n
ppm R. s o l a n i
Mean p e r  c e n t  o f  h e a l t h y  s e e d l i n g s  
a t  5 ,  8 and 11 d a y s  a f t e r  i n o c u l a t i o n
Expe r im en t I E x p e r im en t  I I
5 8 11
Degree^./  o f  
P h y t o t o x i c i t y 5 8 11
Degree  o f  
P h y t o t o x i c i t y
0 No 1 0 0 .0 1 0 0 .0 1 0 0 .0 0 1 00 .0 10 0 .0 1 0 0 .0 0
0 Yes 6 .2 5 0 . 0 0 . 0 0 6. 25 6 .25 6 .2 5 0
20 Yes 6 2 .5 62 .5 5 0 . 0 0 6 8 . 8 62 .5 6 2 .5 0
30 Yes 1 0 0 .0 7 5 .0 7 5 .0 0 7 5 .0 7 5 .0 6 2 .5 0
40 Yes 1 0 0 .0 9 3 . 8 9 3 . 8 0 1 0 0 .0 1 0 0 .0 1 00 .0 0
50 Yes 1 0 0 .0 1 0 0 .0 9 3 . 8 + 1 0 0 .0 1 0 0 .0 10 0 .0 +
60 Yes 1 0 0 .0 1 0 0 .0 1 0 0 .0 + 1 0 0 .0 1 00 .0 1 0 0 .0 +
70 Yes 1 0 0 .0 1 0 0 .0 1 0 0 .0 -H- 1 0 0 .0 1 0 0 .0 1 0 0 .0 ++
\I 0 * No p h y t o t o x i c i t y .  
+  ■ S l i g h t .
-H- - Moderate.
F i g u r e  3. P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by
T e r r a z o l e  u s i n g  t h e  f l a s k  t e c h n i q u e .  F l a s k s  from r i g h t  
t o  l e f t  c o n t a i n  t h e  f o l l o w i n g  r a t e s  o f  T e r r a z o l e :
0 ( c o n t r o l  w i t h o u t  i n o c u l u m ) ,  0 ( i n o c u l a t e d  c o n t r o l ) ,  
20,  30 ,  4 0 ,  50 ,  6 0 ,  and 70 ppm, r e s p e c t i v e l y .
T a b le  4 .  Mean (3 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  h a l f  o f  which were  i n o c u l a t e d  and h a l f  were n o t ,  
grown i n  a u t o c l a v e d  f i e l d  s o i l  t r e a t e d  w i t h  Benomyl a t  v a r i o u s  c o n c e n t r a t i o n s ,  r e s p e c t i v e l y .
R a te  i n  
ppm
R.
s o l a n i
Mean p e r  c e n t  o f  
a t  s t a t e d  days
h e a l t h y  s e e d l i n g s  
a f t e r  t r a n s p l a n t i n g
E xpe r im en t X Exper im ent I I
5 10 15 20 25 5 10 15 20 25
0 No 100 .00 1 0 0 .0 0 1 0 0 .0 0 100 .00 100 .00 100 .00 100 .00 100 .00 100 .00 100 .00
0 Yes 35 .42 1 4 .42 14.42 1 0 .42 10.42 20.83 0 . 0 0 0 .0 0 0 . 0 0 0 .0 0
5 No 100 .00 100 .00 100 .00 1 0 0 .0 0 100 .00 10 0 .0 0 100 .00 100 ,00 100 .00 100 .00
5 Yes 4 5 .8 3 1 4 .58 14 .58 1 4 .58 14.58 22 .92 0 . 0 0 0 ,0 0 0.0G 0 .0 0
10 No 1 0 0 .0 0 1 0 0 .0 0 100 .00 100 .00 100 .00 1 0 0 .0 0 100 .00 100 .00 100 .00 100. f'0
10 Yes 4 1 .6 7 22 .92 22 .92 2 2 .9 2 22.92 43 .75 1 6 .6 7 16 .67 14 .58 14.58
20 No 1 0 0 .0 0 9 7 .92 9 7 .9 2 9 7 .9 2 9 7 .9 2 97 .92 9 7 .9 2 9 7 .9 2 9 7 .9 2 97 .92
20 Yes 79 .17 6 4 .5 8 6 4 .5 8 6 4 .5 8 6 4 .5 8 70 .83 6 4 .5 8 6 4 .58 6 4 .5 8 6 4 .5 8
40 No 1 0 0 .0 0 100 .00 100 .00 1 0 0 .0 0 100 .00 97 .92 9 7 .9 2 9 7 .92 9 7 .9 2 9 7 .9 2
40 Yes 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 5 .83 9 5 .8 3 9 5 .83 9 5 .8 3
80 No 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 10 0 .0 0 10 0 .0 0 10 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 100 .00
80 Yes 95 .8 3 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 5 .8 3 93 .75 9 3 .75 93 .75 9 3 .75 93 .75
160 No 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 97 .92 10 0 .0 0 100 .00 1 0 0 .0 0 100 .00 100 .00
160 Yes 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 97 .9 2 95 .83 9 5 .8 3 9 5 .8 3 9 5 .8 3 95 .83
L e v e l s  o f I n f e s t e d - Fungus X Fungus X L e v e l s  o f I n f e s t e d -  Fungus X Fungus X
F u n g i c i d e n o n i n f e s t e d f u n g i c i d a l  t im e f u n g i c i d e n o n i n f e s t e d  f u n g i c i d a l t i n e
l e v e l s l e v e l s
LSD .05 3 .3 0 1. 76 4 .6 6 3 .94 LSD .05  2 .63 1 .41 3 .74 3 ,15
LSD .01 4 . 6 8 2. 50 6 .6 2 5 .5 9 LSD .01  3 .7 4 2. iO 5 .3 0 4 .4 7
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F i g u r e  4 .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R, s o l a n i  by Benomyl as  
a s o i l  t r e a t m e n t .  P o t s  from l e f t  t o  t i g h t  c o n t a i n  t h e  f o l l o w ­
i n g  r a t e s  o f  Benomyl:  0 ( c o n t r o l ) ,  5,  10,  20,  40 ,  80 ,  and
160 ppm, r e s p e c t i v e l y .
F i g u r e  5.  P h y t o t o x i c  e f f e c t  o f  Benomyl i s  a s o i l  t r e a t m e n t  on  c o t t o n  
s e e d l i n g s .  P o t s  from l e f t  to  r i g h t  c o n t a i n  t h e  f o l l o w i n g  
r a t e s  o f  Benomyl:  0 ( c o n t r o l ) ,  5 ,  10,  20,  40 ,  80 ,  and
160 ppm, r e s p e c t i v e l y .
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W ith  t h e  e x c e p t i o n  o f  t h e  5 ppm t r e a t m e n t  a s i g n i f i c a n t l y  
g r e a t e r  number o f  s e e d l i n g s  r e m a in e d  h e a l t h y  when t r e a t e d  w i t h  Benomyl 
t h a n  t h o s e  i n  t h e  c o n t r o l s *  The d i f f e r e n c e s  i n c r e a s e d  w i t h  i n c r e a s e d  
c o n c e n t r a t i o n .  Maximum c o n t r o l  was o b t a i n e d  a t  4 0 ,  8 0 ,  and  160 ppm. 
T h e r e  was a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  number o f  s e e d l i n g s  
t h a t  r e m a in e d  h e a l t h y  when grown i n  s o i l  w i t h o u t  i n o c u lu m  a s  compared  
w i t h  t h o s e  i n  s o i l  w i t h  i n o c u lu m .  In  p o t s  w i t h  Benomyl and in o c u lu m ,  
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  number o f  h e a l t h y  
p l a n t s  t h a t  s u r v i v e d  i n  t h e  5 and 10 ppm t r e a t m e n t s  i n  t h e  f i r s t  
e x p e r i m e n t  and none among t h e  4 0 ,  80 ,  and  160 ppm t r e a t m e n t s  i n  e i t h e r  
e x p e r i m e n t .  T h e re  were no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  c o n t r o l s  
w i t h o u t  Benomyl o r  in o cu lu m  and e a c h  o f  f u n g i c i d e  t r e a t m e n t s  w i t h o u t  
i n o c u lu m .  The d i f f e r e n c e  in  number o f  h e a l t h y  s e e d l i n g s  b e tw e e n  t h e  
f i r s t  d a t e  o f  o b s e r v a t i o n  and e a c h  o f  t h e  f o l l o w i n g  d a t e s  was s i g n i ­
f i c a n t .  D i f f e r e n c e s  among t h e  s e c o n d ,  t h i r d ,  f o u r t h ,  and f i f t h  d a t e s  
o f  o b s e r v a t i o n  w ere  n o t  s i g n i f i c a n t .
Benomyl d i d  n o t  c a u s e  p h y t o t o x i c i t y  a t  t h e  c o n c e n t r a t i o n s  u s e d  
i n  b o t h  e x p e r i m e n t s  ( F i g u r e  5 ) .
T a b le  5 and  F i g u r e  6 show t h e  c o n t r o l  o f  R. s o l a n i  o b t a i n e d  w i t h  
t h e  u s e  o f  V i t a v a x  as  a s o i l  t r e a t m e n t .  I n  b o t h  e x p e r i m e n t s  t h e r e  was 
a h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  numbers  o f  p l a n t s  t o  s u r ­
v i v e  i n  t h e  i n f e c t e d  c o n t r o l s  and t h e  num bers  o f  t h o s e  t h a t  s u r v i v e d  in  
eac h  o f  t h e  f u n g i c i d a l  t r e a t m e n t s .  The i n c r e a s e  i n  p e r  c e n t  o f  h e a l t h y  
s e e d l i n g s  was d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  V i t a v a x  
w i t h i n  t h e  r a n g e  o f  t h e  t r e a t m e n t  l e v e l s  i n  b o t h  e x p e r i m e n t s  w i t h  t h e  
e x c e p t i o n  o f  50 ppm and 100 ppm i n  t h e  f i r s t  and s ec o n d  e x p e r i m e n t s ,
T a b le  5 ,  Mean (3 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  h a l f  o f  w h ich  were  i n o c u l a t e d  and h a l f  were  n o t ,  
grown i n  a u t o c l a v e d  f i e l d  s o i l  t r e a t e d  w i t h  V i t a v a x  a t  v a r i o u s  c o n c e n t r a t i o n s ,  r e s p e c t i v e l y .
R a t e  i n  
ppm
R.
s o l a n i
Mean p e r  c e n t  o f  h e a l t h y  s e e d l i n g s  
a t  s t a t e d  days  a f t e r  t r a n s p l a n t i n g
E x p e r im en t  1 E x p e r im en t I I
5 10 15 20 25 5 10 15 20 25
0 No 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 10 0 .0 0 1 0 0 .0 0 10 0 .0 0 1 0 0 .0 0
0 Yes 16 .6 7 2 .0 8 2 .08 2 .0 8 2 .08 4 5 .8 3 4 . 1 7 4 .1 7 4 . 1 7 4 .1 7
12 .5 No 1 0 0 .0 0 1 0 0 .0 0 100 .00 1 0 0 .0 0 100 .00 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2
12.5 Yes 7 5 .0 0 6 4 .5 8 6 0 .4 2 6 0 .4 2 5 8 .3 3 75 .0 0 4 7 .9 2 4 5 .8 3 4 5 .8 3 4 5 .8 3
25 No 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 9 7 .9 2 10 0 .0 0 10 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 10 0 .0 0
25 Yes 9 7 .9 2 7 7 .4 2 7 5 .0 0 6 4 .5 8 6 4 .5 8 9 5 .8 3 8 7 .5 0 83 .33 8 3 .3 3 8 3 .3 3
50 No 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 97 .9 2 9 7 .9 2 9 7 .9 2 9 7 .92 9 7 .9 2
50 Yes 1 0 0 .0 0 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 1 .6 7 8 5 .4 2 8 5 .4 2 8 5 .4 2 85 .4 2
100 No 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 100 .00 100 .00 10 0 .0 0 1 0 0 .0 0 10 0 .0 0
100 Yes 1 0 0 .0 0 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 3 .75 1 0 0 .0 0 9 7 .9 2 9 5 .8 3 9 5 .8 3 9 5 .8 3
200 No 10 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 10 0 .0 0 9 7 .9 2 9 7 .9 2 97 .92 97 .92 9 7 .9 2
200 Yes 97 .91 9 7 .91 9 7 .9 1 9 3 .7 5 93 .75 95 .8 3 9 1 .6 7 9 1 .6 7 9 1 .67 9 1 .6 7
400 No 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 10 0 .0 0 10 0 .0 0 10 0 .0 0 100 .00 100 .00 1 0 0 .0 0
400 Yes 1 0 0 .0 0 9 7 .9 2 9 5 .8 3 9 3 .7 5 9 3 .75 1 0 0 .0 0 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 5 .8 3
L e v e l s  o f  I n f e s t e d -  Fungus X Fungus X 
f u n g i c i d e  n o n i n f e s t e d  f u n g i c i d a l  t im e
l e v e l s
L e v e l s  o f  I n f e s t e d -  Fungus X 
f u n g i c i d e  n o n i n f e s t e d  f u n g i c i d a l




















4 . 9 1
2 .9 0
4 . 1 4
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F i g u r e  6 .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by V i t a v a x  
a s  a s o i l  t r e a t m e n t .  Pot3  from l e f t  t o  r i g h t  c o n t a i n  th e  
f o l l o w i n g  r a t e s  o f  V i t a v a x :  0 ,  1 2 . 5 ,  25,  50 ,  100,  200, and
400 ppm, r e s p e c t i v e l y .
F i g u r e  7 .  P h y t o t o x i c  e f f e c t  o f  V i t a v a x  as  a s o i l  t r e a t m e n t  on c o t t o n  
s e e d l i n g s .  P o t s  from l e f t  t o  r i g h t  c o n t a i n  t h e  f o l l o w i n g  
r a t e s  o f  V i t a v a x :  0 ,  1 2 .5 ,  25,  50,  100, 200, and  400 ppm,
r e s p e c t i v e l y .
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r e s p e c t i v e l y .  The h i g h e s t  p e r c e n t a g e  o f  d i s e a s e  c o n t r o l  i n  t h e  f i r s t  
e x p e r i m e n t  was a t  50 ppm, w h e r e a s  i t  was a t  100 and 400 ppm i n  t h e  
s e c o n d  e x p e r i m e n t .  T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  
numbers  o f  c o n t r o l  p l a n t s  grown i n  a u t o c l a v e d  s o i l  and t h e  numbers  o f  
p l a n t s  grown i n  th e  s o i l s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  V i t a v a x  w i t h o u t  
in o c u lu m  i n  b o t h  e x p e r i m e n t s .
As i s  shown i n  F i g u r e  7 and  8 ,  V i t a v a x  a p p e a r e d  t o  h a v e  some 
p h y t o t o x i c  e f f e c t  on  t h e  g row th  o f  c o t t o n  s e e d l i n g s .  P h y t o t o x i c i t y ,  
m a n i f e s t e d  as  s t u n t i n g ,  was g e n e r a l l y  p r e v a l e n t  on  s e e d l i n g s  g ro w in g  
i n  c o n c e n t r a t i o n s  o f  50 ,  100,  200,  and 400 ppm. I t  i n c r e a s e d  i n  
s e v e r i t y  w i t h  i n c r e a s e d  c o n c e n t r a t i o n s  and  l e n g t h  o f  t r e a t m e n t .
A n o th e r  t y p e  o f  symptom a p p e a r e d  as  l e a f  s c o r c h i n g  w h ich  s t a r t e d  on  
th e  e d g e s  o f  t h e  c o t y l e d o n a r y  l e a v e s  and  f i n a l l y  i n v o l v e d  t h e  w ho le  
l e a f .  T h i s  l a t t e r  symptom a p p e a r e d  a b o u t  20 d a y s  f o l l o w i n g  t h e  t r e a t ­
ment on a few o f  t h e  p l a n t s  t r e a t e d  w i t h  200 and 400 ppm. In  a l l  
c a s e s ,  s t em s  showed no a p p a r e n t  symptoms o f  p h y t o t o x i c i t y , However,  
s e e d l i n g  r o o t  m e asu re m e n ts  showed t h a t  t h e  g ro w th  o f  t a p  r o o t s  i n  t h e  
c o n t r o l s  was s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  g ro w th  o f  t a p  r o o t s  o f  
s e e d l i n g s  i n  c o n c e n t r a t i o n s  o f  25 ,  100 and 400 ppm ( T a b l e  6 ) ,  T h e re  
was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  g row th  o f  p l a n t  r o o t s  g ro w in g  i n  
c o n c e n t r a t i o n s  o f  25,  100 ,  o r  400 ppm. No symptoms o t h e r  t h a n  s t u n t i n g  
were  v i s i b l e  on  t h e  exam ined  r o o t s .
In  b o t h  e x p e r i m e n t s  ( T a b le  5) t h e r e  was a h i g h l y  s i g n i f i c a n t  d i f ­
f e r e n c e  b e tw e e n  th e  mean p e r  c e n t  o f  h e a l t h y  s e e d l i n g s  on t h e  f i r s t  d a t e
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T a b le  6 .  E f f e c t  o f  v a r i o u s  r a t e s  o f  V i t a v a x ,  a s  a s o i l  t r e a t m e n t ,  on 
t h e  g r o w th  o f  c o t t o n  s e e d l i n g  t a p  r o o t s .
R a te  i n  ppm
Mean (6 p l a n t s )  l e n g t h  o f  t h e  
t a p  r o o t s  i n  c m i /
0 2 0 .7  a
25 1 3 .7  b
100 1 1 .8  be
400 1 1 .8  bed
_1/Means f o l l o w e d  by  same l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
5% l e v e l  o f  p r o b a b i l i t y  a c c o r d i n g  t o  D u n c a n ' s  M u l t i p l e  Range T e s t .
Figure 8.  Phytotoxic effect o f  various rates of Vitavax, as a soil 
treatment, on growth of cotton seedlings. Plant pairs 
from left to right, were grown i n  concentrations of 0 ,  25,  
100 , and 400 ppm.
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of observation and those on each of the successive dates. Differences 
among the successive dates (second, third, fourth, and fifth), how­
ever, were not significant.
The analysis of data from the use of Terrazole as a soil treat­
ment showed that a higher percentage of healthy seedlings survived at 
all concentrations of the fungicide than did those in the controls.
These  d i f f e r e n c e s  were  h i g h l y  s i g n i f i c a n t  ( T a b l e  7 ) .  The h i g h e s t  
p e r c e n t a g e  o f  d i s e a s e  c o n t r o l  was o b t a i n e d  w i t h  160 ppm T e r r a z o l e  
( F i g u r e  9 ) .  I n  b o t h  e x p e r i m e n t s  ( T a b l e  7 ) ,  t h e  d i f f e r e n c e s  b e tw e e n  
t h e  numbers  o f  p l a n t s  t o  s u r v i v e  i n  t h e  c o n t r o l s  w i t h o u t  in o c u lu m  and 
t h o s e  i n  t h e  f u n g i c i d e  c o n c e n t r a t i o n s  o f  320 and 640 ppm w i t h o u t  
in o c u lu m  was h i g h l y  s i g n i f i c a n t .  T h i s  shows t h a t  T e r r a z o l e  was p h y t o ­
t o x i c ,  P h y t o t o x i c i t y  was shown by  s e v e r e  s t u n t i n g  and p o o r  r o o t  
d e v e l o p m e n t .  As i l l u s t r a t e d  i n  F i g u r e s  10 and 11 ,  a l l  p l a n t s  a p p e a r e d  
s e v e r e l y  s t u n t e d  when grown a t  c o n c e n t r a t i o n s  o f  80 ,  160, 320 and 640 
ppm. Leaves  o f  t h e  a f f e c t e d  p l a n t s ,  e s p e c i a l l y  t h o s e  grown a t  320 and  
640 ppm, d e v e l o p e d  i r r e g u l a r  b r o w n i s h  s p o t s  a t  t h e  m a r g in s  and i n c r e a s e d  
i n  s i z e  t o w a rd  t h e  p e t i o l e .  C u p p in g ,  w e a t h e r i n g ,  and som et im es  d e f o l i a ­
t i o n  o f  t h e  l e a v e s  f o l l o w e d .  R oo ts  o f  a f f e c t e d  p l a n t s  a p p e a r e d  s e v e r e l y  
s t u n t e d ,  m i s s h a p e n ,  and had  f i b r o u s  o r  v e r y  weak t a p  r o o t  s y s t e m s  
( F i g u r e  1 1 ) .  Root m e asu re m e n ts  ( T a b le  8)  show t h a t  T e r r a z o l e  s i g n i f i ­
c a n t l y  s u p p r e s s e d  t h e  g ro w th  and d e v e lo p m e n t  o f  s e e d l i n g  r o o t s  when i t  
was u s e d  a s  a s o i l  t r e a t m e n t  a t  c o n c e n t r a t i o n s  o f  4 0 ,  80 ,  160,  320,  
and  640 ppm. Growth  a t  20 ppm was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from 
t h e  c o n t r o l .  T h e re  was a p o s i t i v e  c o r r e l a t i o n  b e tw e e n  t h e  d e g r e e  o f
T a b l e  7. Mean (3 r e p s . )  p e r  c e n t  o f  h e a l t h y  c o t t o n  s e e d l i n g s  h a l f  o f  w h ich  were  i n o c u l a t e d  and h a l f  were n o t ,  
grown i n  a u t o c l a v e d  f i e l d  s o i l  t r e a t e d  w i t h  T e r r a z o l e  a t  v a r i o u s  c o n c e n t r a t i o n s ,  r e s p e c t i v e l y .
R ate  i n  
ppm
R.
s o l a n i
Mean p e r  c e n t  o f  h e a l t h y  s e e d l i n g s  
a t  s t a t e d  days  a f t e r  t r a n s p l a n t i n g
1
iExperim ent I E x p e r im en t I I
5 10 15 20 25 5 10 15 20 25
0 No 10 0 .0 0 10 0 .0 0 100 .00 10 0 .0 0 10 0 .0 0 10 0 .0 0 10 0 .0 0 10 0 .0 0 10 0 .0 0 10 0 .0 0
0 Yes 6 4 .5 8 4 1 .6 7 0 . 0 0 0 .0 0 0 . 0 0 3 9 .5 8 2 .0 8 0 . 0 0 0 .0 0 0 .0 0
20 No 1 0 0 .0 0 10 0 .0 0 100 .00 10 0 .0 0 10 0 .0 0 10 0 .0 0 1 0 0 .0 0 1 0 0 .0 0 10 0 .0 0 10 0 .0 0
20 Yes 5 8 .3 3 22 .92 8 .3 3 8 .3 3 8 .3 3 6 0 .4 2 3 7 .5 0 8 .3 3 8 .3 3 8 .3 3
40 No 10 0 .0 0 100 .00 10 0 .0 0 9 7 .9 2 9 7 .9 2 9 7 .9 2 97 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2
40 Yes 8 1 .2 5 1 6 .6 7 16 .67 1 4 .58 1 4 .5 8 7 2 .9 2 37 .50 2 0 .8 3 14 .58 1 4 .5 8
80 No 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2 9 7 .9 2
80 Yes 93 .75 4 7 .9 2 35 .42 31.25 29 .17 9 3 .7 5 66 .6 7 5 0 .0 0 4 7 .9 2 4 5 .8 3
160 No 10 0 .0 0 1 0 0 .0 0 9 5 .8 3 9 5 .8 3 9 5 .8 3 9 7 .9 2 9 7 .9 2 9 5 .8 3 9 5 .8 3 9 5 .8 3
160 Yes 9 7 .9 2 8 9 .5 8 8 7 .5 0 8 5 .4 2 8 5 .4 2 9 5 .8 3 9 3 .7 5 8 9 .5 8 8 9 .5 8 7 5 .0 0
320 No 9 7 .9 2 97 .9 2 8 5 .4 2 7 2 .9 2 6 2 .5 0 9 7 .9 2 9 7 .9 2 8 3 .3 3 7 5 .0 0 6 6 .6 7
320 Yes 9 7 .9 2 91 .6 7 6 0 .4 2 5 4 .1 7 4 1 .6 7 9 1 .6 7 8 9 .5 8 7 9 .1 7 7 0 .8 3 6 4 .5 8
640 No 9 5 .8 3 95 .8 3 8 3 .3 3 6 2 .5 0 4 7 .9 2 9 7 .9 1 9 7 .9 1 7 9 .1 7 6 6 .6 7 5 2 .0 8
640 Yes 9 7 .9 2 93 .7 5 5 9 .0 8 39 .58 2 5 .0 0 8 9 .5 8 8 3 .3 3 4 7 .9 2 3 9 .5 8 39 .58
L e v e l s  o f  I n f e s t e d -  
f u n g i c i d e  n o n i n f e s t e d  j
fu n g u s  X 
f u n g i c i d a l  
l e v e l s
Fungus X 
t im e
L e v e l s  o f  
f u n g i c i d e
I n f e s t e d -  Fungus X 
n o n i n f e s t e d  f u n g i c i d a l  
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F i g u r e  9 .  P r o t e c t i o n  o f  c o t t o n  s e e d l i n g s  a g a i n s t  R. s o l a n i  by T e r r a z o l e  
a s  a s o i l  t r e a t m e n t .  P o t s  from l e f t  t o  r i g h t  c o n t a i n  th e  
f o l l o w i n g  r a t e s  o f  T e r r a z o l e :  0 ,  20 ,  40 ,  BO, 160,  320, and
640 ppm, r e s p e c t i v e l y .
F i g u r e  10.  P h y t o t o x i c  e f f e c t  o f  T e r r a z o l e  a s  a s o i l  t r e a t m e n t  on  c o t t o n
s e e d l i n g s .  P o t s  from l e f t  t o  r i g h t  c o n t a i n  t h e  f o l l o w i n g  r a t e s  
o f  T e r r a z o l e :  0 ,  20 ,  40,  30 ,  160, 320, and 640 ppm, r e s p e c ­
t i v e l y  .
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Table 8. Effect of various rates of Terrazole, as a soil treatment, 
on the growth of cotton seedling tap roots.
R ate  i n  ppm
Mean (6 p l a n t s )  l e n g t h  o f  t h e  
t a p  r o o t s  i n  cm i /
0 1 6 .0 9 a
20 1 5 .7 0 a
40 1 1 .4 3 b
80 2 .2 0 c
160 1 . 7 4 cd
320 1 .3 9 de
640 1 . 1 0 d e f
_1/Means f o l l o w e d  by same l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  
57* l e v e l  o f  p r o b a b i l i t y  a c c o r d i n g  t o  D u n c a n ' s  M u l t i p l e  Range T e s t .
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F i g u r e  11.  P h y t o t o x i c  e f f e c t  o f  v a r i o u s  r a t e s  o f  T e r r a z o l e ,  a s  a s o i l  
t r e a t m e n t ,  on g r o w th  o f  c o t t o n  s e e d l i n g s .  P l a n t s  f rom 
l e f t  t o  r i g h t  were grown i n  c o n c e n t r a t i o n s  o f  0 ,  20 ,  4 0 ,  
8 0 ,  160 ,  320 ,  and 640 ppm.
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p h y t o t o x i c i t y  and t h e  c o n c e n t r a t i o n s  o f  f u n g i c i d e  and t h e  d u r a t i o n  o f  
t h e  e x p e r i m e n t a l  p e r i o d .
I n  b o t h  e x p e r i m e n t s ,  t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  i n  p e r  
c e n t  o f  h e a l t h y  s e e d l i n g s  among t h e  f i r s t ,  s e c o n d ,  t h i r d ,  f o u r t h ,  and  
f i f t h  d a t e s  o f  o b s e r v a t i o n .
Bioassav Studies to Determine the Translocabillty 
of Benomyl, Terrazole, and Vitavax;
The r e s u l t s  o f  a s s a y s  w i t h  B e n o m y l - t r e a t e d  s e e d l i n g s  a r e  shown 
i n  F i g u r e s  1 2 ,  13 ,  14 ,  15 ,  and 16. Due t o  t h e  p r e s e n c e  o f  Benomyl o r  
a  c l o s e l y  r e l a t e d  f u n g i t o x i c  s u b s t a n c e  i n  t h e  l e a f  d i s c s ,  g r o w th  o f  D. 
g o s s y p i n a  a r o u n d  them was i n h i b i t e d .  Zones  o f  i n h i b i t i o n  o c c u r r e d  
when d i s c s  were  t a k e n  from l e a v e s  a t  7 ,  14 ,  21 ,  28 ,  and 60 day  i n t e r ­
v a l s  f o l l o w i n g  t h e  a p p l i c a t i o n  o f  Benomyl t o  t h e  s o i l  ( F i g u r e s  12 ,  13,  
14 ,  15 ,  and  16 , r e s p e c t i v e l y ) .  Benomyl o r  i t s  f u n g i t o x i c  p r o d u c t  was 
d e t e c t a b l e  i n  a l l  c a s e s  when d i s c s  w e re  t a k e n  f rom  p l a n t s  g ro w in g  a t  
4 0 ,  8 0 ,  and  160 ppm. D i s c s  from p l a n t s  g ro w in g  a t  20 ppm p r o d u c e d  
i n h i b i t i o n  z o n es  when t h e y  were  t a k e n  14 d ay s  and 21 d a y s  a f t e r  t r e a t ­
ment ( F i g u r e s  13 ,  1 4 ) .
The results of assays with Terrazole-treated plants showed that 
plant filtrates inhibited growth of the test fungus, P. debaryanum, at 
all the fungicidal rates that were tested. In all experiments, tissue 
filtrates were obtained from plants in which the roots were treated with 
200 ,  4 0 0 ,  600 ,  8 0 0 ,  and 1000 ppm of the compound. In the first experi­
ment tissue filtrates were tested 7 days following the treatment and, 
as is illustrated in Table 9 and Figure 1 7 ,  complete inhibition o f  
the test organism occurred. In the second experiment tissue filtrates 
were tested 14 days following the treatment. Data from this
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F i g u r e  12 .  I n h i b i t i o n  o f  g ro w th  o f  D, g o s s y p l n a  by t h e  p r e s e n c e  o f  Benomyl 
i n  l e a f  d i s c s  o f  t r e a t e d  p l a n t s .  P l a t e s  from l e f t  t o  r i g h t ,  
t o p  t o  b o t t o m ,  c o n t a i n  d i s c s  from p l a n t s  grown i n  s o i l  c o n t a i n ­
i n g  0 ,  4 0 ,  8 0 ,  and 160 ppm o f  a c t i v e  Benomyl.  L e a f  d i s c s  were  
t a k e n  7 d ay s  a f t e r  t h e  a p p l i c a t i o n  o f  Benomyl t o  t h e  s o i l .
F i g u r e  13.  I n h i b i t i o n  o f  g row th  o f  D. g o s s y p i n a  by t h e  p r e s e n c e  o f  Benomyl 
i n  l e a f  d i s c s  o f  c r e a t e d  p l a n t s .  P l a t e s  from l e f t  t o  r i g h t ,  
t o p  t o  b o t t o m ,  c o n t a i n  d i s c s  from p l a n t s  grown i n  s o i l  c o n t a i n ­
i n g  0 ,  20,  40 ,  60,  and 160 ppm o f  a c t i v e  Benomyl.  L e a f  d i s c s  
w ere  t a k e n  14 days  a f t e r  t h e  a p p l i c a t i o n  o f  Benomyl t o  t h e  s o i l .
V
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Figure 14. In h ib it io n  o f  growth o f  D. gossyplna by the presence o f
Benomyl in  l e a f  d is c s  o f  trea ted  p la n ts .  P la tes  from l e f t  
to r ig h t ,  top to bottom, conta in  d is c s  from p lants grown 
in  s o i l  con ta in in g  0 , 20, 40, 80, and 160 ppm o f  a c t iv e  
Benomyl. l e a f  d is c s  were taken 21 days a f t e r  the a p p lic a ­
t io n  o f  Benomyl to  the s o i l .
F igure 15. In h ib it io n  o f  growth o f  D. goasypins by the presence o f
Benomyl in  l e a f  d i s c s  o f  trea ted  p la n ts .  P la tes  from l e f t  
to r ig h t ,  top to  bottom, con ta in  d is c s  from plants grown in  
s o i l  conta in ing  0, 20, 40, 80, and 160 ppm o f  a c t iv e  
Benomyl. Leaf d i s c s  were taken 28 days a f te r  the a p p lica ­
t io n  o f  Benomyl to the s o i l .
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F i g u r e  16 .  I n h i b i t i o n  o f  g ro w th  o f  D. g o s s y p l n a  by t h e  p r e s e n c e  o f
Benomyl i n  l e a f  d i s c s  o f  t r e a t e d  p l a n t s .  P l a t e s  from t o p  
t o  b o t t o m ,  l e f t  t o  r i g h t ,  c o n t a i n  d i s c s  from p l a n t s  grown 
I n  s o i l  c o n t a i n i n g  0 ,  1000,  and 2000 ppm o f  a c t i v e  
Benomyl .  L e a f  d i s c s  were  t a k e n  60 d ay s  a f t e r  t h e  a p p l i c a ­
t i o n  o f  Benomyl t o  t h e  s o i l .
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T a b l e  9 .  E f f e c t  o f  t i s s u e  f i l t r a t e s  i n c o r p o r a t e d  i n  PDA on g r o w th  o f  
R, s o l a n i  and P. d ebaryanum  i n  a b i o a s s a y  t e s t  t o  d e t e c t  
th e  p r e s e n c e  o f  T e r r a z o l e  i n  t h e  u p p e r  p a r t s  o f  r o o t - t r e a t e d  
p l a n t s , 1 /
R a te  i n  
ppm
MeanZ* o f  r a d i a l  g ro w th  
o f  R. s o l a n i
Meanj£/ of" 
o f  P.








1 / T i s s u e  f i l t r a t e s  were  o b t a i n e d  7 d a y s  a f t e r  t h e  a p p l i c a t i o n  o f  
T e r r a z o l e  t o  t h e  s o i l  from a 10 g sample  o f  s t e m s  and l e a v e s  o f  
t r e a t e d  p l a n t s  a t  t h e  r a t e s  i n d i c a t e d  i n  t h e  t a b l e .
2 /M ean  o f  4 r e p s . - e a c h .
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F i g u r e  17,  C u l t u r e  p l a t e s  showing  t h e  d i f f e r e n c e  i n  g r o w th  o f  P .
debaryanum  and R, s o l a n i  on PDA c o n t a i n i n g  t i s s u e  f i l ­
t r a t e s  from a 10 g sample  o f  s tem s  and l e a v e s  o f  T e r r a z o l e -  
t r e a t e d  s e e d l i n g s .  T i s s u e  f i l t r a t e s  were  t a k e n  7 d a y s  
a f t e r  T e r r a z o l e  had  b e e n  a p p l i e d  t o  t h e  s o i l .  Upper  p l a t e s  
from L e f t  t o  r i g h t  c o n t a i n  f i l t r a t e s  o b t a i n e d  from s e e d l i n g s  
grown i n  T e r r a z o l e - t r e a t e d  s o i l  a t  t h e  f o l l o w i n g  r a t e 3 :
0 ( c o n t r o l ) ,  200,  4 0 0 ,  and 600 ppm, r e s p e c t i v e l y .  P l a t e s  
were  s e e d e d  w i t h  R. s o l a n i . Lower p l a t e s  c o n t a i n  t h e  same 
r a t e s  o f  T e r r a z o l e  and i n  t h e  same a r r a n g e m e n t  a s  t h o s e  o f  
u p p e r  p l a t e s  b u t  t h e y  w e re  s e e d e d  w i t h  P.  d e b a r y a n u m .
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e x p e r i m e n t  ( T a b ie  10) show t h a t  t h e  f i l t r a t e s  o f  p l a n t s  t r e a t e d  a t  
200 ppm a l l o w e d  0 . 9  cm g r o w th  o f  t h e  t e s t  fu n g u s  a s  com pared  t o  8 . 2  
cm f o r  t h e  c o n t r o l s .  C o m p le te  i n h i b i t i o n  o f  t h e  fu n g u s  o c c u r r e d  a t  
t h e  r a t e s  above 200 ppm u s e d  i n  t h e  t e s t  ( F i g u r e  1 8 ) .
The t h i r d  e x p e r i m e n t  was p e r f o r m e d  by  u s i n g  a  5 g s am p le  o f  
t r e a t e d  p l a n t s  ( i n s t e a d  o f  t h e  10 g sam ple  u s e d  i n  t h e  f i r s t  two 
e x p e r i m e n t s ) .  T a b l e  11 shows t h a t  i n  t h i s  e x p e r i m e n t  much more g r o w t h  
was o b t a i n e d  a t  200 ppm t h a n  i n  t h e  o t h e r  two e x p e r i m e n t s .  A l s o ,  
f i l t r a t e s  from p l a n t s  o f  400 ppm p e r m i t t e d  0 , 7  cm g r o w th  o f  t h e  
f u n g u s  ( F i g u r e  1 9 ) .
R e s u l t s  i n  T a b l e  9> 10 ,  and 11 , i n d i c a t e  t h a t  f i l t r a t e s  o f  
t r e a t e d  p l a n t s  a t  a l l  r a t e s  had  no a p p a r e n t  e f f e c t  on t h e  g r o w th  o f  
R. s o l a n i . I n  o t h e r  w o r d s ,  t h e r e  was no d i f f e r e n c e  i n  t h e  g r o w t h  o f  
t h i s  fu n g u s  on e i t h e r  t h e  c o n t r o l  medium o r  t h e  m ed ia  t h a t  c o n t a i n e d  
f i l t r a t e s  o f  p l a n t s  from any t r e a t m e n t  l e v e l s  ( F i g u r e s  17,  18 ,  and 1 9 ) .
By t h e  u s e  o f  t h e  same e x p e r i m e n t a l  d e s i g n ,  V i t a v a x - t r e a t e d  
p l a n t s  w e re  a s s a y e d  7 d ay s  and 14 d a y s  a f t e r  t h e  compound had  b e e n  
a p p l i e d  t o  t h e  s o i l .  F i l t r a t e s  f rom  a 10 g sam p le  o f  p l a n t s  g ro w in g  
a t  5 0 ,  100,  200, and 400 ppm showed no e f f e c t  on R. s o l a n i .
I n h i b i t i o n  zones  d i d  n o t  o c c u r  w i t h  e i t h e r  R. s o l a n i  o r  U. m a y d i s , 
a s  t e s t  o r g a n i s m s ,  when t h e  l e a f  d i s c  a s s a y  was em p lo y ed .  However ,  i n  
a  s i n g l e  e x p e r i m e n t ,  z o n es  o f  i n h i b i t i o n  ( F i g u r e  20) o c c u r r e d  a ro u n d  
p i e c e s  o f  h y p o c o t y l s  e x c i s e d  from p l a n t s  i n  w h ich  t h e  r o o t s  were  
t r e a t e d  w i t h  t h e  above m e n t io n e d  r a t e s .  T hese  p l a n t  p a r t s  were  
a s s a y e d  4 d a y s  f o l l o w i n g  t h e  t r e a t m e n t .
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T a b l e  10. E f f e c t  o f  t i s s u e  f i l t r a t e s  i n c o r p o r a t e d  i n  PDA on g r o w th  
o f  R, s o l a n i  and P,  d e b a ry an u m  i n  a b i o a s s a y  t e s t  t o  
d e t e c t  t h e  p r e s e n c e  o f  T e r r a z o l e  i n  t h e  u p p e r  p a r t s  o f  
r o o t - t r e a t e d  p l a n t s . ! /
R a t e  i n  
ppm
Mean (4  r e p s . )  r a d i a l  g r o w th  
o f  R, s o l a n i ! '
Mean (4  r e p s . )  r a d i a l  g r o w th  
o f  P .  d e b a r y an u m ! ?
0 8 . 2 8 . 2
200 8 . 2 0 . 9
400 8 . 2 0 . 0
600 8 . 2 0 . 0
800 8 . 2 0 . 0
1000 8 . 2 0 . 0
1 / T i s s u e  f i l t r a t e s  w e re  o b t a i n e d  14 d ay s  a f t e r  t h e  a p p l i c a t i o n  o f  
T e r r a z o l e  t o  t h e  s o i l  from a 10 g sam ple  o f  s tem  and l e a v e s  o f  
t r e a t e d  p l a n t s  a t  t h e  r a t e s  i n d i c a t e d  i n  t h e  t a b l e .
z/Diameter of the agar disc (0.8 cm) used to seed the treated PDA
was subtracted from the radial growth of each treatment.
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Figure 18,  Culture plates showing the difference in growth o f  P.
d ebaryanum  and R. s o l a n i  on PDA c o n t a i n i n g  t i s s u e  f i l t r a t e s  
from  a 10 g sam ple  o f  s t em s  and l e a v e s  o f  T e r r a z o l e - t r e a t e d  
s e e d l i n g s .  T i s s u e  f i l t r a t e s  were  t a k e n  14 d ay s  a f t e r  
T e r r a z o l e  had  b e e n  a p p l i e d  t o  t h e  s o i l .  Upper p l a t e s  from 
l e f t  t o  r i g h t  c o n t a i n  f i l t r a t e s  o b t a i n e d  from s e e d l i n g s  
grown i n  T e r r a z o l e - t r e a t e d  s o i l  a t  t h e  f o l l o w i n g  r a t e s :
0 ( c o n t r o l ) ,  200 and 400 ppm, r e s p e c t i v e l y .  P l a t e s  w ere  
s e e d e d  w i t h  R. s o l a n i .  Lower p l a t e s  c o n t a i n  t h e  same 
r a t e s  o f  T e r r a z o l e  and i n  t h e  same a r r a n g e m e n t  a s  t h o s e  
o f  u p p e r  p l a t e s  b u t  t h e y  were  s e e d e d  w i t h  P.  d e b a r y a n u m .
72
T a b l e  11.  E f f e c t  o f  t i s s u e  f i l t r a t e s  i n c o r p o r a t e d  i n  PDA on g r o w th  
o f  R, s o l a n i  and P .  d eb a ry an u m  i n  a b i o a s s a y  t e s t  t o  
d e t e c t  t h e  p r e s e n c e  o f  T e r r a z o l e  i n  t h e  u p p e r  p a r t s  o f  
r o o t - t r e a t e d  p l a n t s . A /
R a t e  i n  
ppra
Mean (4 r e p s . )  r a d i a l  g r o w th  
o f  R. s o l a n i A '
Mean (4 
o f
r e p s . )  r a d i a l  g r o w th  
P.  d e b a r y a n u m f /
0 8 . 2 8 . 2
200 3 . 2 5 . 0
400 8 . 2 0 . 7
600 8 . 2 0 . 0
800 8 . 2 0 . 0
1000 8 . 2 0 . 0
^ / T i s s u e  f i l t r a t e s  were  o b t a i n e d  14 d ay s  a f t e r  t h e  a p p l i c a t i o n  o f  
T e r r a z o l e  t o  t h e  s o i l  from a 5 g sam ple  o f  s tem  and l e a v e s  o f  
t r e a t e d  p l a n t s  a t  r a t e s  i n d i c a t e d  i n  t h e  t a b l e .
^/Diameter of the agar disc (0.8 cm) used to seed the treated PDA
was subtracted from the radial growth of each treatment.
Figure 19,  Culture plates showing the difference in growth o f  P.
deba ryanum  and R. s o l a n i  on PDA c o n t a i n i n g  t i s s u e  
f i l t r a t e s  f rom  a 5 g sample  o f  s tem s  and l e a v e s  o f  
T e r r a z o l e - t r e a t e d  s e e d l i n g s .  T i s s u e  f i l t r a t e s  were  
t a k e n  14 d a y s  a f t e r  T e r r a z o l e  had b e e n  a p p l i e d  t o  t h e  
s o i l .  Upper  p l a t e s  from l e f t  t o  r i g h t  c o n t a i n  f i l t r a t e s  
o b t a i n e d  from s e e d l i n g s  grown i n  T e r r a z o l e - t r e a t e d  s o i l  
a t  t h e  f o l l o w i n g  r a t e s :  0 ( c o n t r o l ) ,  200 ,  400 ,  and  600
ppm, r e s p e c t i v e l y .  P l a t e s  were  s e e d e d  w i t h  R, s o l a n i . 
Lower p l a t e s  c o n t a i n  t h e  same r a t e s  o f  T e r r a z o l e  and in  
t h e  same a r r a n g e m e n t  a s  t h o s e  o f  u p p e r  p l a t e s  b u t  t h e y  
were  s e e d e d  w i t h  P.  d eb a ry an u m .
Figure 20. Inhibition of growth of R. solani by Vitavax or by a 
fu n 0 .; toxic substance present in the hypocotyls of 
Vitavax-treated plants. Plate from left to right, top 
to bottom, contain pieces of hypocotyl from plants 
growing In soil treated with Vitavax at the following 
rates: 0,  50 ,  100 (middle plate), 200 and 400 ppm,
respectively.
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I n  V i t r o  S t u d i e s :
D a ta  f rom  t h e  j ja  v i t r o  s t u d i e s  w i t h  Benomyl r e v e a l e d  ( T a b le  12) 
t h a t  t h e  compound i n  two e x p e r i m e n t s  s u p p r e s s e d  t h e  g ro w th  o f  R. s o l a n i  
a t  c o n c e n t r a t i o n s  a s  low a s  0 , 6 2  ppm. C o m ple te  i n h i b i t i o n  was 
a c h i e v e d  a t  2 , 5  ppm and above  ( F i g u r e  2 1 ) ,
Benomyl was highly effective against D, gossypina in vitro.
T a b l e  13 shows t h a t  i n  one e x p e r i m e n t  Benomyl a t  0 . 1 5  ppm a l l o w e d  
2 , 4  cm g r o w th  o f  t h e  fungu3 a s  compared  t o  8 . 2  cm g r o w t h  f o r  c o n t r o l s .  
The minimum r a t e  c a u s i n g  c o m p l e t e  i n h i b i t i o n  o f  t h e  fu n g u s  was 2 , 5  ppm. 
Benomyl was much more i n h i b i t o r y  t o  D. g o s s y p i n a  t h a n  R. s o l a n i  
( F i g u r e  2 2 ) .
T e r r a z o l e  was t e s t e d  w i t h  t h e  same e x p e r i m e n t a l  t e c h n i q u e  t o  
e x p l o r e  i t s  _in v i t r o  e f f e c t  on R. s o l a n i . D a ta  i n  T a b le  14 show t h a t  
h i g h e r  r a t e s  o f  t h i s  compound w e re  r e q u i r e d  t o  s u p p r e s s  t h e  g r o w t h  o f  
t h e  fu n g u s  a s  compared  t o  Benomyl.  The minimum r a t e  r e q u i r e d  t o  com­
p l e t e l y  i n h i b i t  t h e  g r o w t h  o f  R. s o l a n i  was 40 ppm. W i th  t h e  e x c e p t i o n  
o f  5 ppm, i n  b o t h  e x p e r i m e n t s  ( T a b le  1 4 ) ,  t h e r e  was s i g n i f i c a n t  d i f ­
f e r e n c e  i n  t h e  g r o w th  r a t e  b e tw e e n  t h e  c h e c k  and  a l l  t h e  f u n g i c i d a l  
l e v e l s  u s e d .  The r a t e  o f  g r o w t h  a t  5 ppm was e q u a l  t o  t h a t  i n  t h e  
c h e c k  ( F i g u r e  2 3 ) .
V i t a v a x  was a l s o  t e s t e d  i n  t h e  same m anner  t o  d e t e c t  i t s  i n  v i t r o  
e f f e c t  on t h e  g r o w th  o f  s o l a n i . D a ta  d e r i v e d  f rom  T a b l e  15 demon­
s t r a t e  t h a t  i n  b o t h  e x p e r i m e n t s  c o m p l e t e  i n h i b i t i o n  was o b t a i n e d  a t  
c o n c e n t r a t i o n s  a s  low a s  5 ppm.
The a n a l y s i s  o f  v a r i a n c e  showed a  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  . 
t h e  c h e c k  and eac h  o f  t h e  f u n g i c i d a l  l e v e l s .  I n h i b i t i o n  o f  t h e  f u n g u s ,  
a l t h o u g h  n o t  c o m p l e t e ,  s t a r t e d  a s  low a s  0 .3 1  ppm ( F i g u r e  2 4 ) ,
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T a b l e  12,  Mean (4 r e p s . )  r a d i a l  g r o w t h ,  i n  cm, o f  R. s o l a n i  on PDA 
e i t h e r  w i t h o u t  o r  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  Benomyl,
R a t e  i n Mean r a d i a l  e r o w t h i /
ppm E x p e r im e n t  I E x p e r im e n t  I I
0 8 . 2 8 . 2
0 . 6 2 5 . 9 2 4 .8 1
1 .2 5 2 . 2 1 . 2
2 . 5 0 . 0 0 . 0
5 . 0 0 . 0 0 . 0
1 0 . 0 0 . 0 0 . 0
2 0 .0 0 . 0 0 , 0
4 0 . 0 0 . 0 0 . 0
8 0 . 0 0 . 0 0 . 0
1 / D i a m e t e r  o f  a g a r  d i s c  ( 0 . 8  cm) u s e d  t o  s ee d  t h e  t r e a t e d  PDA was 
s u b t r a c t e d  from t h e  r a d i a l  g r o w th  o f  e a c h  t r e a t m e n t .
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T a b l e  13. Mean (4  r e p s . )  r a d i a l  g r o w t h ,  i n  cm, o f  D. g o s s y p i n a  on 
PDA e i t h e r  w i t h o u t  o r  w i t h  v a r i o u s  r a t e s  o f  Benomyl. U
R a t e  i n Mean r a d i a l  g r o w th
_EPm . . .  _  __ E x p e r i m e n t  I E x p e r im e n t  I I
0 8 . 2 8 . 2
0 . 1 5 2 . 4
0 .3 1 1 . 4
0 . 6 2 0 . 6 0 . 7
1 .2 5 0 . 2 0 . 4
2 .5 0 . 0 0 . 0
5 . 0 0 . 0 0 . 0
1 0 . 0 0 . 0 0 . 0
2 0 .0 0 . 0 0 . 0
4 0 . 0 0 . 0 0 . 0
8 0 . 0 0 . 0 0 . 0
1/Diameter of the agar disc (0.8 cm) used to seed the treated PDA was
subtracted from the radial growth of each treatment.
F i g u r e  21 .  E f f e c t  o f  v a r i o u s  r a t e s  o f  Benomyl, i n c o r p o r a t e d  i n  PDA, 
on t h e  g r o w th  o f  R. s o l a n i . C u l t u r e  p l a t e s  f rom  l e f t  t o  
r i g h t ,  t o p  t o  b o t t o m ,  c o n t a i n  t h e  f o l l o w i n g  r a t e s  o f  
Benomyl:  0 ( c o n t r o l ) ,  0 . 6 2 ,  1 .2 5  and 2 . 5  ppm, r e s p e c ­
t i v e l y .
F i g u r e  22 .  E f f e c t  o f  v a r i o u s  r a t e s  o f  Benomyl ,  i n c o r p o r a t e d  i n  PDA, 
on t h e  g r o w t h  o f  D, g o s s y p i n a . C u l t u r e  p l a t e s  f ro m  l e f t  
t o  r i g h t ,  t o p  t o  b o t t o m ,  c o n t a i n  t h e  f o l l o w i n g  r a t e s  o f  
Benomyl : 0 ( c o n t r o l ) ,  0 . 1 5 ,  0 . 3 1 ,  0 . 6 2 ,  1 , 2 5 ,  2 . 5 ,  5 , 0 ,
and 1 0 , 0  ppm, r e s p e c t i v e l y .
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T a b l e  1 4 .  Mean (4 r e p s . )  r a d i a l  g r o w t h ,  i n  cm, o f  R. s o l a n i  on  PDA
e i t h e r  w i t h o u t  o r  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  T e r r a z o l e .
R a t e  i n Mean r a d i a l  g r o w t h ^ '
ppm E x p e r im e n t  I E x p e r im e n t  I I
0 8 . 2 a 8 . 2 a
5 8 . 2 a 8 . 2 a
10 1 .9 b 2 .6 3 b
20 0 . 7 c 0 . 6 be
30 0 . 1 3 cd 0 . 2 b e d
40 0 . 0 cde 0 . 0 b e d e
50 0 . 0 cde 0 . 0 b e d e
60 0 . 0 c d e 0 . 0 b ede
70 0 . 0 c d e 0 . 0 b e d e
80 0 . 0 cde 0 . 0 b e d e
1 / D i a m e t e r  o f  t h e  a g a r  d i s c  ( 0 . 8  cm) u s e d  t o  s e e d  t h e  t r e a t e d  PDA was 
s u b t r a c t e d  from t h e  r a d i a l  g r o w th  o f  e a c h  t r e a t m e n t .
2/Means followed by same letters are not significantly different at
57. level of probability according to Duncan's Multiple Range Test.
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F i g u r e  23 ,  E f f e c t  o f  v a r i o u s  r a t e s  o f  T e r r a z o l e ,  i n c o r p o r a t e d  i n  PDA, 
on t h e  g ro w th  o f  R, s o l a n i . C u l t u r e  p l a t e s  f rom  l e f t  t o  
r i g h t ,  t o p  t o  b o t t o m ,  c o n t a i n  t h e  f o l l o w i n g  r a t e s  o f  
T e r r a z o l e :  0 ( c o n t r o l ) ,  5 ,  10,  2 0 ,  30 ,  4 0 ,  50 ,  6 0 ,  70
and 80  ppm, r e s p e c t i v e l y .
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T a b l e  1 5 . Mean (4 r e p s . )  
e i t h e r  w i t h o u t  
V i t a v a x .
r a d i a l  g r o w t h ,  
o r  w i t h  v a r i o u s
i n  cm, o f  R. s o l a n i  on 
c o n c e n t r a t i o n s  o f
PDA
R a t e  i n Mean r a d i a l  g r o w t h ? /
ppm E x p e r im e n t  I E x p e r im e n t  I I
0 8 . 2 0 a 8 . 2 0 a
0 . 3 1 2 .8 8 b 3 .0 3 b
0 . 6 2 1 .2 3 be 1 .5 8 be
1 .2 5 0 . 5 3 cd 0 . 6 3 cd
2 . 5 0 0 . 4 8 cde 0 . 5 0 cde
5 . 0 0 0 . 0 0 c d e f 0 . 0 0 c d e f
1 0 .0 0 0 . 0 0 c d e f 0 . 0 0 c d e f
2 0 .0 0 0 . 0 0 c d e f 0 . 0 0 c d e f
4 0 . 0 0 0 . 0 0 c d e f 0 . 0 0 c d e f
2 / D i a m e t e r  o f  t h e  a g a r  d i s c  ( 0 . 8  cm) u s e d  t o  s e e d  t h e  t r e a t e d  PDA was 
s u b t r a c t e d  f rom  t h e  r a d i a l  g ro w th  o f  e a c h  t r e a t m e n t .
2/Means followed by same letters are not significantly different at
57. level of probability according to Duncan's Multiple Range Test.
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F i g u r e  24.  E f f e c t  o f  v a r i o u s  r a t e s  o f  V i t a v a x ,  i n c o r p o r a t e d  i n  PDA, 
on t h e  g r o t / t h  o f  R. s o l a n i . C u l t u r e  p l a t e s  from l e f t  t o  
r i g h t ,  t o p  t o  b o t t o m ,  c o n t a i n  t h e  f o l l o w i n g  r a t e s  o f  
V i t a v a x :  0 ( c o n t r o l ) ,  0 . 3 1 ,  0 . 6 2 ,  1 . 2 5 ,  2 . 5 ,  5 ,  and
10 ppm ( m i d d l e ) ,  r e s p e c t i v e l y .
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The g r o w t h  c h a r a c t e r i s t i c s  o f  t h e  t e s t e d  f u n g i ,  h o w e v e r ,  were  
a l t e r e d  by  Benomyl,  T e r r a z o l e ,  and  V i t a v a x  when t h e s e  compounds were  
t e s t e d  _in v i t r o . I n  c o n t r o l  p l a t e s ,  t h e  p e r i p h e r y  o f  t h e  c o l o n y  was 
sm oo th ,  w h i l e  i n  t h e  p r e s e n c e  o f  any  o f  t h e s e  compounds ( F i g u r e s  2 1 ,  22 ,  
23 ,  and 2 4 ) ,  t h i s  m a r g in  was i r r e g u l a r .
G ro w -o u t  s t u d i e s  w ere  made t o  d e t e r m i n e  w h e t h e r  t h e  e f f e c t  o f  
e a c h  o f  t h e  compounds i s  f u n g i t o x i c  o r  f u n g i s t a t i c  t o  R. s o l a n i . Upon 
t r a n s f e r r i n g  a g a r  d i s c s  c o n t a i n i n g  t h e  fu n g u s  f rom  t r e a t e d  p l a t e s  t o  
f r e s h  PDA, t h e  fu n g u s  g r e w - o u t  In  a l l  c a s e s  i n d i c a t i n g  t h e  f u n g i s t a t i c  
e f f e c t  o f  t h e s e  compounds on t h e  f u n g a l  g r o w t h .
F u n g i c i d e  V o l a t i l i t y  S t u d i e s :
The p u r p o s e  o f  t h e s e  s t u d i e s  was t o  d e t e r m i n e  i f  t h e  v a p o r s  o f  
Benomyl,  V i t a v a x ,  o r  T e r r a z o l e  had  an  e f f e c t  on t h e  g r o w th  o f  t h e  t e s t  
f u n g u s ,  R. s o l a n i . S t u d i e s  w i t h  Benomyl and V i t a v a x  r e v e a l e d  t h a t  t h e  
v a p o r  from n e i t h e r  o f  them had  any  e f f e c t  on t h e  g r o w th  o f  t h e  f u n g u s .  
When PDA p l a t e s  s e e d e d  w i t h  a g a r  d i s c s  c o n t a i n i n g  R. s o l a n i  were  
e x p o s e d  t o  t h e  v a p o r s  o f  e a c h  c h e m i c a l ,  t h e  f u n g u s  g rew  t h e  same as  
d i d  t h e  c o n t r o l ,  w h ich  was s u b j e c t e d  t o  s t e r i l e  d i s t i l l e d  w a t e r  v a p o r  
a t  a l l  t h e  t r e a t m e n t  l e v e l s  o f  t h e  e x p e r i m e n t .
I t  was o b s e r v e d  t h a t  v a p o r s  from T e r r a z o l e  c o m p l e t e l y  i n h i b i t e d  
t h e  g r o w th  o f  R. s o l a n i  when s e e d e d  p l a t e s  w ere  e x p o s e d  to  i t s  v a p o r s  
i n  c l o s e d  g l a s s  s p ec im e n  d i s h e s .  However,  when t h e  same e x p e r i m e n t a l  
d e s i g n  was em ployed ,  b u t  w i t h  t h e  same c o n c a i n e r s  c o v e r e d  w i t h  p l a s t i c  
s h e e t  i n s t e a d  o f  g l a s s  c o v e r s ,  c o m p l e t e  i n h i b i t i o n  was n o t  o b s e r v e d .  
I n s t e a d ,  v a r i o u s  d e g r e e s  o f  s u p p r e s s i o n  i n  t h e  g r o w t h  o f  t h e  fu n g u s
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w ere  n o t i c e d .  R e d u c t i o n  i n  t h e  g r o w th  r a t e s  was d i r e c t l y  r e l a t e d  t o  
t h e  c o n c e n t r a t i o n s  o f  t h e  f u n g i c i d e s .
C h r o m a t o g r a p h l c a l  S t u d i e s :
C h r o m a t o g r a p h i c a l  s t u d i e s  w e re  u n d e r t a k e n  i n  an  a t t e m p t  t o  t r a c e  
t h e  upward movement o f  Benomyl i n  p l a n t s  and  t o  d e t e r m i n e  w h e t h e r  t h e  
compound i t s e l f  m ig h t  be  t h e  t r a n s l o c a t e d  a g e n t .  C h l o r o f o r m  e x t r a c t s  
o f  t r e a t e d  and n o n t r e a t e d  p l a n t s  w ere  p r e p a r e d  and  c h r o m a t o g r a p h e d  on 
TLC 10 d a y s  a f t e r  t h e  a p p l i c a t i o n  o f  t h e  compound t o  t h e  s o i l .
D a ta  o f  t h i s  i n v e s t i g a t i o n ,  a s  i l l u s t r a t e d  i n  T a b le  16, d e m o n s t r a t e  
t h a t  i n  a l l  t h e  s o l v e n t  s y s t e m s  Rf v a l u e s  o f  t h e  e x t r a c t s  from Benomyl-  
t r e a t e d  p l a n t s  c o r r e s p o n d s  t o  t h o s e  o f  t h e  a u t h e n t i c  compound ( p u r e  
c h e m i c a l ) .  E x t r a c t s  o f  n o n t r e a t e d  p l a n t s  g a v e  no s p o t s .  T hese  d a t a  
s u g g e s t  t h a t  Benomyl,  i t s e l f ,  o r  a v e r y  c l o s e l y  r e l a t e d  compound, was 
t h e  c h e m o t h e r a p e u t i c  a g e n t  a b s o r b e d  by  t h e  p l a n t  r o o t s  and t r a n s f e r r e d  
to  t h e  s tem s  and l e a v e s .  F i g u r e s  25 ,  2 6 ,  27 ,  and 28 show t h e  c o r r e s p o n d ­
in g  s p o t s  on c h ro m a to g ra m s  d e v e l o p e d  i n  m e t h a n o l e - a c e t o n e , e t h y l  
a l c o h o l ;  b e n z e n e ,  e t h y l  e t h e r ;  a c e t o n e ,  c h l o r o f o r m ;  and m e t h a n o l ,  
r e s p e c t i v e l y .
Work w i t h  V i t a v a x  f u r n i s h e d  f u r t h e r  e v i d e n c e  o f  t h e  s y s t e m i c  
movement o f  t h i s  compound i n  t r e a t e d  c o t t o n  s e e d l i n g s .  I n  t h i s  c a s e ,  
and  when e x t r a c t s  o f  V i t a v a x - t r e a t e d  p l a n t s  were  c h r o m a t o g r a p h e d ,  s e v e r a l  
s p o t s  a p p e a r e d  on e a c h  c h ro m a to g ra m  i n  a l l  t h e  s o l v e n t  s y s t e m s  u s e d  
e x c l u d i n g  m e t h a n o l .  T a b l e  18 shows t h a t  Rf v a l u e s  o f  some o f  t h e s e  
s p o t s  a r e  h i g h e r  a n d / o r  l o w e r  t h a n  t h o s e  o f  t h e  p u r e  c h e m i c a l .  How­
e v e r ,  t h e r e  was one s p o t  on  e a c h  ch ro m a to g ra m  w i t h  an  Rf v a l u e  
c o r r e s p o n d i n g  t o  t h a t  o f  t h e  p u r e  c h e m i c a l .  S p o t s  from e x t r a c t s  o f
T a b le  16,  Rf  v a l u e s  (cm) o f  p u r e  Benomyl ( s t a n d a r d )  and e x t r a c t e d  p l a n t  sap  from 1 0 - d a y - o l d  
B e n o m y l - t r e a t e d  and  c o n t r o l  p l a n t  t i s s u e s  o b t a i n e d  i n  7 s o l v e n t  sy s te m s  by  TLC.
Rf i n  s o l v e n t
Sample
E t h y l
E t h e r
E t h a n o l
Acetone
5 0 :5 0 C h lo ro fo r m
E t h y l
A lc o h o l M ethano l Benzene Acetone
S t a n d a r d .95 .8 5 .62 .7 7 .8 7 .2 9 .85
C o n t r o l —^ 0 0 0 0 0 0 0
E x t r a c t  o f  
t r e a t e d  p l a n t s .95 .85 .6 2 .7 8 .86 .28 .8 4
1 / E x t r a c t  o f  c o n t r o l  p l a n t s .
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F i g u r e  25 .  Chromatograms showing  c o r r e s p o n d i n g  s p o t s  from p u r e  Benomyl
( l e f t )  and from an  e x t r a c t  o f  B e n o r a y l - t r e a t e d  p l a n t s  ( r i g h t ) .  
E x t r a c t  o f  c o n t r o l  p l a n t s  ( m i d d l e )  shows no s p o t .  L e f t  and  
r i g h t  ch rom atog ram s  were  d e v e l o p e d  i n  m e t h a n o l - a c e t o n e  
( 5 0 : 5 0  v / v )  and  i n  e t h y l  a l c o h o l ,  r e s p e c t i v e l y .
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F i g u r e  26 .  Chromatograms showing  c o r r e s p o n d i n g  s p o t s  from p u r e  Benomyl
( l e f t )  and  from an e x t r a c t  o f  B e n o m y l - t r e a t e d  p l a n t s  ( r i g h t ) .  
E x t r a c t  o f  c o n t r o l  p l a n t s  ( m i d d l e )  shows no s p o t .  L e f t  and 
r i g h t  ch ro m a to g ra m s  were  d e v e l o p e d  i n  b e n z e n e  and  i n  e t h y l  
e t h e r ,  r e s p e c t i v e l y .
38
F i g u r e  27 .  Chromatograms show ing  c o r r e s p o n d i n g  from p u r e  Benomyl
( l e f t )  and  from an e x t r a c t  o r  B e n o m y l - t r e a t e d  p l a n t s  ( r i g h t ) .  
E x t r a c t  o f  c o n t r o l  p l a n t s  ^ m id d le )  no s p o t .  L e f t  and
r i g h t  ch ro m a to g ram s  w ere  d e v e l o p e d  i n  a c e t o n e  and i n  
c h l o r o f o r m ,  r e s p e c t i v e l y .
89
F i g u r e  28.  A c h ro m a to g ra m  d e v e l o p e d  i n  m e t h a n o l  show ing  c o r r e s p o n d i n g  
s p o t s  from p u r e  Benomyl ( l e f t )  and  from an  e x t r a c t  o f  
B e n o m y 1 - t r e a t e d  p l a n t s  ( r i g h t ) .  E x t r a c t  o f  c o n t r o l  p l a n t s  
( m i d d l e )  shows no s p o t .
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c o n t r o l  p l a n t s  w e re  n o t  e v i d e n t .  The i d e n t i f i c a t i o n  o f  t h o s e  s p o t s  
h a v i n g  R j  v a l u e s  d i s c r e p a n t  w i t h  t h o s e  o f  t h e  p u r e  c h e m i c a l  w e re  
n e g l e c t e d  i n  t h i s  r e p o r t .  F i g u r e s  30 to  33 i l l u s t r a t e  t h e  s p o t s  on  
c h ro m a to g ra m s  d e v e l o p e d  i n  s e v e n  d i f f e r e n t  s o l v e n t  s y s t e m s .
B i o a s s a y  S t u d i e s  o f  t h e  C h ro m a to g ra p h ed  E x t r a c t s  o f  
B e n o m y l - T r e a t e d  and C o n t r o l  P l a n t s :
R e s u l t s  o f  t h i s  t y p e  o f  b i o a s s a y  i n d i c a t e d  t h a t  s u b s t a n c e s  
o b t a i n e d  f rom  s c r a p i n g  c h r o m a t o g r a p h i c  s p o t s  o f  B e n o m y l - t r e a t e d  p l a n t  
e x t r a c t s ,  which  h a v e  t h e  same v a l u e  a s  t h a t  o f  t h e  a u t h e n t i c  com­
pound ( p u r e  Benom yl) ,  s u p p r e s s e d  t h e  g ro w th  o f  R. s o l a n i  a s  d i d  t h o s e  
o b t a i n e d  f rom t h e  p u r e  c h e m i c a l  s p o t s .  M a t e r i a l s  t a k e n  from s p o t s  o f  
t h e  p u r e  c h e m i c a l  and from s p o t s  o f  t h e  t r e a t e d  p l a n t  e x t r a c t s  ( T a b l e  17) 
p e r m i t t e d  l . l  and  2 . 5  cm g ro w th  o f  t h e  f u n g u s ,  r e s p e c t i v e l y .  By com­
p a r i s o n ,  p l a t e s  which  r e c e i v e d  PDA p l u s  s c r a p e d  s u b s t a n c e s  from a r e a s  
w h e re  s p o t t i n g  o f  c o n t r o l  p l a n t  e x t r a c t s  h a d  p r e v i o u s l y  o c c u r r e d  
showed 8 . 2  cm o f  g r o w t h .  C o n t r o l  p l a t e s  which  r e c e i v e d  o n l y  PDA gave  
8 . 2  cm o f  g row th  a s  w e l l .  F i g u r e  29 i l l u s t r a t e s  t h e  r e s u l t s  o f  t h i s  
s t u d y .
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T a b l e  1 7 .  E f f e c t  o f  Benomyl r e c o v e r e d  by  c h r o m a t o g r a p h y  i n  a  b i o a s s a y  
t e s t ,  on g r o w th  o f  R. s o l a n i  on PDA.
Mean (5  r e p s , )  o f  r a d i a l  
g r o w th  i n  cmhJ
2 /
C o n t r o l 8 . 2
c o n t r o l 8 . 2
Benomyl from t r e a t e d p l a n t  e x t r a c t s - 2 .5
Benomyl ( p u r e ) —^ l . l
2 / D i a m e t e r  o f  t h e  a g a r  d i s c  ( 0 . 8  cm) u s e d  t o  s e e d  t h e  t r e a t e d  PDA was 
s u b t r a c t e d  f rom  t h e  r a d i a l  g r o w th  i n  e a c h  t r e a t m e n t .
2 / P l a i n  PDA.
2/PDA +■ r e c o v e r e d  s u b s t a n c e s  f rom  s p o t s  o f  n o n t r e a t e d  p l a n t  e x t r a c t s ,
4/PDA +  r e c o v e r e d  Benomyl f rom  s p o t s  o f  t r e a t e d  p l a n t s ,
2/PDA + r e c o v e r e d  Benomyl from s p o t s  o f  t h e  p u r e  c h e m i c a l  o r  t h e  
a u t h e n t i c  compound.
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F i g u r e  29.  C u l t u r e  p l a t e s  showing t h e  d e g r e e  o f  R. s o l a n i  g r o w th  on 
PDA e i t h e r  w i t h  o r  w i t h o u t  t h e  r e c o v e r e d  Benomyl from t h e  
ch ro m a to g ra m s  i n  a  b i o a s s a y  t e s t .  P l a t e s  from l e f t  t o  
r i g h t ,  t o p  t o  b o t t o m ,  c o n t a i n  p l a i n  PDA ( c o n t r o l ) ,  PDA + 
r e c o v e r e d  s u b s t a n c e s  from s p o t s  o f  c o n t r o l  p l a n t  e x t r a c t s  
( c o n t r o l ) ,  PDA + r e c o v e r e d  Benomyl from s p o t s  o f  t r e a t e d  
p l a n t  e x t r a c t s ,  and PDA + r e c o v e r e d  Benomyl from s p o t s  o f  
t h e  p u r e  c h e m i c a l  o r  t h e  a u t h e n t i c  compound. See t e x t .
T a b l e  18 .  v a l u e s  (cm) o f  p u r e  V i t a v a x  ( s t a n d a r d )  and e x t r a c t e d  p l a n t  sap  f rom  5 - d a y - o l d  V i t a v a x -  
t r e a t e d  and c o n t r o l  p l a n t  t i s s u e s  o b t a i n e d  i n  7 s o l v e n t  sy s te m s  by  TLC.
Sample
Rf i n  s o l v e n t
C h lo ro fo rm M ethano l B u ta n o l
E t h y l
A lc o h o l
M e th a n o l -  
Acetone  
2 :8  v / v Benzene Acetone
S ta n d a r d .65 .7 2 .6 7 .75 .77 .1 4
o00•
C o n t r o l - ^ 0 .0 0 0.00 0 . 0 0 0 .0 0 0 .0 0 0.00 0 .0 0
E x t r a c t  o f .8 1 .71 .6 8 .7 6 .7 6 .5 0 .8 0
t r e a t e d  p l a n t s .6 4 .5 6 .6 0 .5 0 .1 4 .6 8
.3 8 .2 8 .1 .0 7 .5 0
1/Extract of control plants.
F i g u r e  30 .  C hrom atogram s ,  showing  c o r r e s p o n d i n g  s p o t s  from p u r e  
V i t a v a x  ( l e f t )  and  from a n  e x t r a c t  o f  V i t a v a x - t r e a t e d  
p l a n t s  ( r i g h t ) .  E x t r a c t  from c o n t r o l  p l a n t s  ( m i d d l e )  
shows no s p o t .  L e f t  and r i g h t  c h ro m a to g ra m s  w ere  
d e v e lo p e d  i n  m e th a n o l  and i n  b u t a n o l ,  r e s p e c t i v e l y .
F i g u r e  31.  C h ro m a to g ra m s , showing  c o r r e s p o n d i n g  s p o t s  f rom p u r e  
V i t a v a x  ( l e f t )  and from an e x t r a c t  o f  V i t a v a x - t r e a t e d  
p l a n t s  ( r i g h t ) . E x t r a c t  from c o n t r o l  p l a n t s  ( m i d d l e )  
shows no s p o t .  L e f t  and r i g h t  ch rom a tog ram s  were  
d e v e l o p e d  i n  a c e t o n e  and i n  b e n z e n e ,  r e s p e c t i v e l y .
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F i g u r e  32.  Chromatograms show ing  c o r r e s p o n d i n g  s p o t s  from p u r e  V i t a v a x
( l e f t )  and from a n  e x t r a c t  o f  V i t a v a x - t r e a t e d  p l a n t s  ( r i g h t ) .  
E x t r a c t  from c o n t r o l  p l a n t s  ( m i d d l e )  shows no s p o t .  L e f t  
and  r i g h t  c h ro m a to g ra m s  were  d e v e l o p e d  i n  c h l o r o f o r m  and i n  
e t h y l  a l c o h o l ,  r e s p e c t i v e l y .
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Figure 33. A chromatogram developed in  m ethanol-acetone (2:8  v /v )
showing corresponding spots from pure Vitavax (left) and 
from an extract of Vitavax-treated plants (right). 
Extract from control plants (middle) shows no spot.
DISCUSSION
Organized chemical measures for the con tro l  o f p lant d is e a se s  
are l e s s  than 100 years o ld . In the l a s t  25 yea rs , p lant p a th o lo g is t s  
have developed in t e r e s t  in  c o n tr o l l in g  p lant d is e a se s  by compounds 
which are capable o f  being absorbed by the p lant and tra n slo ca ted  to  
the s i t e  o f  in f e c t io n .  Here they  are capable , by one means or 
another, o f  rendering the p a r a s ite  in a c t iv e  or preventing i t  from 
causing any further  damage to  the p lant for  short or long p er iod s .
Such system ic p r o te c t io n  i s  not a c tu a l ly  new but, ra th er , i s  
cu rren tly  becoming more c l e a r l y  recognized and b e t te r  understood.
The number o f  compounds that appear to  have a system ic e f f e c t  has 
increased  as a r e s u l t  o f  the rapid development o f  sc ien ce s  such as 
plant ph ysio log y , organic chem istry , and b iochem istry .
R esu lts  from laboratory  s tu d ie s  with Eenomyl (Tables 1 and 2) 
showed that complete co n tro l  of the soresh ln  d isea se  o f  co tton  seed* 
l in g s  was obtained a t con cen trations as low as 5 ppm when se ed lin g s  
were fed through the roo ts  w ith a suspension o f  the 50% form ulation o f  
the compound as the . ic t ive  in g r ed ie n t .  As for T errazo le , 40 ppm was the  
minimum concentration  required to  g e t  complete co n tro l  o f  the d is e a s e .
A high percentage o f  d is e a s e  con tro l was a ls o  achieved at 30 and 20 
ppm as compared to  the Inocu lated  c o n tr o ls  in  which few, i f  any, 
se e d l in g s  survived (Table 3 ) .
In s p i te  o f  the l im i t a t io n s  o f  the aqueous method o f  t e s t in g  
system ic a c t i v i t y ,  the f la s k  technique provided the f i r s t  in d ic a t io n
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that both Benomyl and Terrazole were systemic In cotton seedlings and 
were very effective chemotherapeutic agents against R. solanl.
From a practical point of view, testing these chemicals in soil 
is more meaningful because it approaches - but Is not a substitute 
for - field conditions. For this reason Benomyl, Terrazole, and 
Vitavax were tested in the greenhouse using autoclaved field soils.
Results from greenhouse studies with Benomyl, Vitavax, and 
Terrazole showed that these compounds were taken up by the roots o f  
cotton seedlings and translocated into their hypocotyls and possibly 
through the seedling tissues. Thus, the seedlings were protected 
Internally against infection by R. solanl. With the exception of  
Terrazole, the efficiency of these compounds as systemic fungicides 
improved with increasing concentrations.
The e f f e c t iv e n e s s  o f  Benomyl In c o n tr o l l in g  co tto n  soresh in  
s ta r ted  as low as 10 ppm (Table 4 ) .  The percentage o f  h ea lth y  seed* 
l in g s  at 10 ppm was s i g n i f i c a n t ly  g r ea ter  than the c o n tr o l .  The degree  
o f  d is e a se  con tro l  increased a t 20 ppm and each h igher concen tra tion .  
Complete p r o te c t io n  was approached, but never q u ite  reached, a t 40, 80, 
and 160 ppm. Part o f  t h i s  work has been reported ( 2 ) .  Although there  
are numerous rep orts  (1 ,  10, 22, 44, 60, 76, 77, 84, 85, 93, 149, 153) 
in  the l i t e r a t u r e  concerning the use o f  Benomyl as a system ic fun gic ide  
In the co n tro l  o f various p lant pathogens on d i f f e r e n t  h o s t s ,  the above 
work i s  the f i r s t  report on con tro l o f  R. so la n i  in  co tto n . However, 
Allam ( 4 ) ,  in  a comparison between Benomyl and Vitavax as seed t r e a t ­
ments, found that Benomyl was in f e r io r  to  V itavax in  i t s  e f f e c t iv e n e s s  
to  con tro l R. so la n l  in  cotton  s e e d l in g s .
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Results derived from Table 5 show that Vitavax obviously passed 
through the transition zone of the seedlings and, in doing so, blocked 
R. solanl, previously placed at this location, from attacking the 
seedlings. A significantly high percentage of healthy seedlings was 
obtained as low as 12.5  ppm (Table 5 ) .  The percentage of healthy 
seedlings increased as the fungicidal rates increased. Several workers 
(4 ,  14, 34, 174) reported the use of Vitavax as a systemic fungicide 
against R. solanl. Reports on using this compound to control plant 
pathogens other than the above mentioned fungus are also numerous 
(54 , 56, 81, 82 , 83, 113, 145, 154, 174 ).
As shown in  Tables 4 and 5, a high percentage o f  hea lthy  seed lin g s  
was recorded with both Benomyl and Vitavax 5 days fo llow in g  th e ir  a p p li-  
c a t io n  to  the s o i l .  The percentage o f h ea lth y  s e e d l in g s  was s i g n i f i ­
c a n t ly  reduced 10—15 days fo llow in g  the treatm ent, a f t e r  which time 
t h i s  percentage tended to  remain s ta b le  throughout the su cc ess iv e  dates  
o f  ob serv a tion s . The decrease in  the percentage o f  h ea lth y  p la n ts  
10-15 days a f t e r  treatment may be a ttr ib u ted  to  complete estab lishm ent  
o f  the inoculum around the s e e d l in g s ;  i . e .  the Inoculum reached i t s  
maximum a c t i v i t y  10-15 days fo llow in g  in f e s t a t io n .  The tendency o f  the  
percentage of h e a lth y  s e e d l in g s  to  remain constant a f t e r  t h i s  d e c l in e  
i s  perhaps due to  the maturation o f  the seed lin g  t i s s u e s  which makes 
them more r e s i s t a n t  to  further  p rogress ion  by the fungus in to  th ese  
t i s s u e s .  Bateman (6) s ta te d  that during maturation o f bean h y p ocoty ls ,  
the t i s s u e s  become r e s i s t a n t  to maceration by polygalacturonase  (an 
enzyme found in  R h lz o c to n ia - ln fec ted  t i s s u e  which has been assumed to  
be o f  fungal o r ig in ,  s in ce  i t  has not been demonstrated as a
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c o n s t i tu e n t  o f h ea lth y  bean h y p o c o ty ls ) ,  as w e ll  as to  progress iva  
I n fe c t io n  by R. s o la n i . Host p e c t in s  in  t i s s u e s  surrounding R. so la n l  
l e s io n s  are converted to  calcium  p e c ta te ,  a m ateria l r e s i s t a n t  to  
fungal po lygalacturonase  ( 8 ) .
Data presented In Table 7 show th at Terrazole i s  not q u ite  as 
e f f i c i e n t  as the two foregoing fu n g ic id e s .  Higher amounts o f  Terrazole  
are required to bring about the l e v e l  o f  p r o te c t io n  o f  Benomyl and 
Vitavax. Terrazole  became phytotox ic  a t high l e v e l s  and th erefore  
l im i t s  the use o f  increased r a te s  to  augment system ic a c t i v i t y .  Severe 
p h y to to x ic i ty  s ta r t s  a t the same concen tration  a t which the fun g ic id e  
c o n tr o ls  R. s o la n l . The h ig h es t  percentage o f h ea lth y  se e d l in g s  was 
recorded a t  160 ppm. This percentage decreased w ith in creas in g  fun gi­
c id a l  r a te s  above 160 ppm. This was due to  severe p h y to to x ic i ty  which 
p o s s ib ly  rendered the s e e d l in g s  more su sc e p t ib le  to  the fungus a tta ck ,  
Plnckard and S ta n d ifer  (133) s ta te d  th a t  the use o f  t r i f l u r a l l n  h erb i­
c id e  on land p lanted to  co tto n  stunted the growth of the se e d l in g s  and 
predisposed p la n ts  to Rhizoctonla dam ping-off.
As far  as p h y to to x ic i ty  i s  concerned, Benomyl showed no v i s i b l e  
e f f e c t  on co tton  s e e d l in g s ,  at l e a s t  a t the con cen tra tion s used in  the  
greenhouse s tu d ie s  (Figure 4 ) .  However, when high r a te s  (100, 200, 
and 400 ppm) o f  t h i s  compound were t e s te d  w ith the f la s k  techn ique,  
t o x i c i t y  occurred on co tto n  se ed lin g  hyp ocoty ls  (Figure 2 ) .  As a  
matter o f  f a c t ,  such high r a te s  o f  the compound are not required s in ce  
complete p r o te c t io n  o f  co tto n  s e e d l in g s ,  with no p h y to to x ic i ty ,  may be 
had at con cen tra tion s o f  5-80 ppm. The ph yto tO xic lty  reported here in  
agrees with the r e s u l t s  o f Davis and Plnckard (3 8 ) .  These workers
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reported that root e lo n g a t io n  o f  cotton, s e e d l in g s ,  as a measure o f  
p h y to t o x ic i ty , was s i g n i f i c a n t ly  reduced in  Benomyl con cen tra tion s  o f
4
100 and 200 ppm when they were grown in  n u tr ie n t  so lu t io n  conta in ing  
the  above r a te s  o f  the compound.
Phytotoxicity, manifested as si-unting, occurred on seedlings when 
they were grown in Vitavax-treated soil at concentrations of 50, 100,
200, and 400 ppm (Figure 7 ) .  S im ilar  responses were reported by other  
workers (14, 34) when the compound was used as a s o i l  treatment to  
con tro l R. so la n l  on co tton  s e e d l in g s .  Stunting o f  soybean se ed lin g s  
grown in  s o i l  w ith  40, 80, and 160 ppm o f  Vitavax was observed by 
Plnckard and Ware (1 34 ) .  C h lorosis  and scorching o f lea v e s  o f  soybean 
p la n ts  were a l s o  n o t ic ed .
P h y to to x ic ity  produced by Terrazole as a s o i l  treatment in  the  
greenhouse seems to  be qu ite  se r io u s  and may l im it  the use o f  t h i s  
compound as a good system ic fu n g ic id e  to  con tro l  R. so la n l  on co tto n  
s e e d l in g s .  On the other  hand, and from the standpoint o f  system ic  
a c t io n ,  v i s i b l e  symptoms o f  p lant t o x i c i t y ,  th e ir  d i s tr ib u t io n  and 
i n t e n s i t y  g iv e  some in d ic a t io n  as to  the movement o f  the chemical w ith in  
the t i s s u e  (17 5 ) .  According to  Edgington and Dimond (5 5 ) ,  l im i ta t io n  o f  
t o x i c i t y  to  the a p p l ic a t io n  s i t e  im plies  a lack  o f  m o b il i ty .  Based on 
t h i s ,  p h y to to x ic i ty  developed by T errazo le , Vitavax and Benomyl pro­
vided a q u a l i ta t iv e  measure o f  the system ic a c t i v i t y  o f  th ese  com­
pounds in  co tto n  s e e d l in g s .
Chemical con tro l  o f  co tto n  so resh in  i s  d i f f i c u l t  owing to  the fa c t  
that the fungus i s  so i l -b o r n e .  For t h i s  reason the chem icals most l i k e l y  
to  provide s a t i s f a c t o r y  co n tro l  w i l l  be system ic fu n g ic id e s .  The
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promising greenhouse results with Benomyl and Vitavax suggest that both 
compounds possess potential usefulness as fungicides for the control of 
R. solanl In cotton seedlings. These results also suggest that these 
two compounds warrant field trials. If they show similar results 
under field conditions, a practical chemical control of R. solanl may 
soon be available to the farmers.
Among the purposes of this report are verification of the systemic 
activity of Benomyl, Terrazole, and Vitavax and exploration of their 
possible usefulness as chemotherapeutic agents to control R. solanl in 
cotton seedlings.
Most o f  the evidence for the movement o f  fu n g ic id es  w ith in  p lan ts  
has been based on th e ir  a b i l i t y  to  reduce d is e a s e  symptoms a t a point  
removed from the s i t e  o f  a p p lic a t io n .  Such observations are o f  
p r a c t ic a l  v a lu e ,  but they do not n e c e s s a r i ly  in d ic a te  tr a n s lo c a t io n  
o f  the m olecule per s e . The only d ir e c t  way to  measure the uptake and 
movement o f  a chemical w ith in  the p lant i s  to determine the presence o f  
that chemical in  d i f f e r e n t  p a r ts  o f the p lan t  body. Mirzabekyan (118),  
Wallen and M illar  (180) s ta te d  that the s im p lest  method i s  to  p lace  
the in t a c t  or macerated p la n t  organs on an agar p la te  seeded with a 
s e n s i t iv e  organism and, a f t e r  incubation , development o f  in h ib it io n  
zones can be observed. I t  was t h i s  method o f  b loa ssa y  which led  to  
numerous s tu d ie s  on the movement o f  many chem icals , e s p e c ia l ly  an ti*  
b i o t l c s .  L itera tu re  on t h i s  su bject  i s  q u ite  abundant.
Some workers are o b lig a ted  to  use a s e n s i t iv e  organism to  d e te c t  
the t r a n s l o c a b l l i t y  o f  the chemical with which they are working rather  
than us ing  the same organism a g a in s t  which th e ir  chem icals are t e s t e d .
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Working with captan to  co n tro l Ascochyta p l s l , the cause o f  l e a f  and 
pod spot o f p ea s , Wallen and Hoffman (179) used Sacchacomyces pastorlanus  
to  assay  the system ic a c t i v i t y  o f  the fu n g ic id e  in  pea s e e d l in g s .  In 
prelim inary t e s t s ,  Erwin e t  a l  (60) used P e n ic l l l iu m  expansum to  d e te c t  
the presence o f  Benomyl in  co tto n  p la n ts  trea ted  with the compound in  
an e f f o r t  to  co n tro l  V. a lbo- atrum. Using Endothla p a r a s i t i c a  as a 
t e s t  fungus, Erwin e t  a l  (63) d e tec ted  the presence o f  TBZ or a to x ic  
product o f  TBZ in co tto n  p lan ts  whose ro o ts  were fed with the compound 
to  co n tro l V. a lb o - atrum.
D irect ev idence for  the uptake and tr a n s lo c a t io n  o f  Benomyl in  
co tto n  se e d l in g s  was derived from assaying l e a f  d i s c s  o f  Benomyl- 
tre a ted  p la n ts  a f t e r  the compound had been added, a t various r a te s ,  to  
the s o i l .  Because o f  the s e n s i t i v i t y  o f  D. gossypina (growth was sup­
pressed jLn v i t r o  at 0 .15 ppm), i t  was employed as a t e s t  organism to  
v e r i f y  that a tra n s lo c a te d  chemotherapeutant (Benomyl) was involved in  
the contro l o f R. so la n i  in both laboratory  and greenhouse experim ents.
Figures 12, 13, 14, 15, and 16 show th at zones o f  In h ib it io n  
occurred 5-6 days a f t e r  agar p la t e s  con ta in in g  the l e a f  d i s c s  and the 
t e s t  organism had been incubated. Agar p la t e s  having only the l e a f  
d is c s  (no fungus) had been incubated for  24 hours before they were 
seeded with the t e s t  fungus. This procedure allowed the chemical to  
d i f f u s e  outward in  the agar before  the estab lish m ent o f  the t e s t  organism. 
Benomyl was d e te c ta b le  a t 7 , 14, 21, and 28 day in te r v a ls  a f t e r  the  
a p p lic a t io n  of the compound to  the s o i l .  In a l l  ca ses  a c le a r  in h ib i ­
t io n  zone occurred when p la n ts  trea ted  a t 40 , 80, and 160 ppm were 
assayed. P lan ts  tre a ted  at 20 ppm fa i le d  to  g iv e  in h ib i t io n  zones
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when they were assayed 7 days and 28 days fo llow in g  the treatm ent.
This su ggests  th a t ,  due to  the low rate  o f  th i s  treatm ent, the amount 
o f  Benomyl in  l e a f  d i s c s  a f t e r  7 days was not enough to  suppress the  
growth of the t e s t  fungus. I n h ib it io n  zones o f small s i z e ,  however, 
occurred 14 days and 21 days fo llow in g  the treatm ent. This i s  probably  
due to  continuous uptake and accumulation o f  la rg e  amounts o f  the com­
pound in the le a v e s .  The accumulated amount was probably d i lu te d  
a f t e r  21 days. Therefore, in h ib i t io n  zones were ev id en t a t 14 days 
and 21 days but not a t 28 days fo llow in g  the a p p l ic a t io n .
In a l l  foregoing t e s t s ,  the degree of Benomyl a c t i v i t y  exh ib ited  
by l e a f  d i s c s  depended on the concen tration  o f  the compound supplied  
to  the p la n ts  from which d is c s  were taken. A gradual Increase in  the  
s i z e  of zones o f  in h ib i t io n  occurred with each Increase in  concentra­
t io n  o f  the compound. The v a r ia t io n  in s i z e  o f  the in h ib i t io n  zones 
su g g es ts  that the amount o f  Benomyl absorbed varied  consid erab ly  with  
each treatm ent.
I t  should be mentioned here th at l e a f  d i s c s  were taken from 
cotyledonary leaves  in  the f i r s t  and second t e s t  (F igures 12 and 13, 
r e s p e c t iv e ly )  and from the true le a v e s  in  the th ir d ,  fourth , and f i f t h  
t e s t  (F igures 14, 15, and 16, r e s p e c t iv e ly ) .  These r e s u l t s  In d icate  
that Benomyl was absorbed through the roots  and became d is tr ib u te d  
throughout the p la n t  t i s s u e s  already formed at the time the fungic ide  
was applied  to  the s o i l  as w e ll  as t i s s u e  which formed l a t e r  In the  
course o f  the experim ents. The q u estion  o f whether the cones o f  
in h ib i t io n  were induced by Benomyl I t s e l f  or by a very c lo s e l y  re la ted  
compound produced w ith in  the p lan t t i s s u e  a f t e r  the chemical entered
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the p lant can not be answered with a t e s t  o f  t h i s  nature. However, 
according to the r e s u l t s  obtained from assaying  Benomyl-treated p la n ts  
chrom atographically  (Table 16), i t  was assumed that in h ib it io n  zones 
were due to  the fu n g ic id a l  a c t io n  o f  the compound i t s e l f  ra th er  than by 
merely a product o f i t .
T e rra zo le -trea ted  p la n ts  were a lso  assayed. F i l t r a t e s  from 
macerated t i s s u e s  were incorporated in FDA p la t e s ,  some of which were 
seeded with R. so la n l  and others with P. debaryanum. In view o f  the  
data presented in  Tables 9 , 10, and 11, the fo llow in g  p o in ts  were 
p ostu la ted :
1) A chemotherapeutic agent capable o f t r a n s lo c a t io n  was Involved  
in  c o n tr o l l in g  R. so la n i  in  both greenhouse and laboratory experiments 
( i . e .  Terrazole  acted as a system ic fun gic ide  in  co tto n  s e e d l in g s ) .
2) P. debaryanum i s  a very s e n s i t i v e  organism with which to  
demonstrate the  upward movement o f  Terrazole or a r e la te d  fu n g ito x ic  
substance in  p la n ts  tre a ted  at the r o o ts  with the compound.
3) The amount o f  Terrazole present In macerated p lant t i s s u e s
was probably not high enough to  suppress the growth o f  R. s o la n l .
This su ggests  th a t R. so la n l  i s  not qu ite  as s e n s i t iv e  to  t h i s  compound
as P. debaryanum; th e r e fo r e ,  i t  i s  not recommended for use as a t e s t
fungus to  d e te c t  the system ic a c t i v i t y  o f  t h i s  compound. Pramer, 
Robinson, and Starkey (139) used two s t r a in s  o f  Erwinta chrysantheml, 
one su sc e p t ib le  and the other  r e s i s ta n t  to  streptom ycin, and by t h i s  
means demonstrated th at the co n tro l  o f  b a c te r ia l  in f e c t io n  in  
strep tom ycin -treated  chrysanthemum c u t t in g s  r e su lte d  from system ic  
b a c t e r ia l  a c t io n .
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Data derived from i i^ v i t r o  s tu d ie s  (Table 14) in d ica ted  that  
growth o f  R. so la n l  was suppressed at con cen tra tion s as high as 10 ppm. 
This ev idence may su b s ta n t ia te  the th ird  p o s tu la t io n .  Thus Terrazole  
was present in  p lant t i s s u e s  but a t ra tes  too low to  suppress the  
growth o f R, s o la n l .
I t  was assumed that the complete in h ib it io n  o f  P. debaryanum 
growth was a t tr ib u ted  to  the amount o f  trea ted  p lant t i s s u e s  from 
which t i s s u e  f i l t r a t e s  were d er ived . Data in Table 9 show the r e s u l t s  
o f  two experim ents. In each one a 10 g sample of p lan t  t i s s u e  was 
used. Complete in h ib i t io n  o f  the growth o f  the t e s t  fungus was 
achieved in  the f i r s t  experiment at a l l  the fu n g ic id a l  l e v e l s .  These 
r e s u l t s  were obtained when tre a ted  p la n ts  were assayed 7 days fo l lo w ­
ing the a p p lic a t io n  o f  Terrazole  to  the s o i l .
In the second t e s t  wherein the p la n ts  were assayed IS days a f t e r  
treatment with 200 ppm, 0 .9  cm growth o f  the fungus, as compared to  
8 .2  cm growth for c o n tr o ls ,  was recorded. When the amount o f  p lant  
t i s s u e  was reduced from 10 g to  5 g ,  much more growth was m anifested  
at the l e v e l s  o f  200 and 400 ppm. This i s  probably due to  the assump­
t io n  that fu n g ic id es  may be d i lu te d  as a r e s u l t  o f  the growth o f  p la n ts .  
El-Zayat, Luken, Dimond, and H o rs fa ll  (5 9 ) ,  using some n ltrophenol  
compounds, reported that a l l  compounds decreased in  fu n g ic id a l  a c t i v i t y  
at the tim e. They a t tr ib u ted  the decrease to  a d i lu t io n  in  concentra­
t io n  o f  the to x ica n t  w ith in  the p la n t .  D i lu t io n  can a r is e  from p lan t  
growth subsequent to  treatment and from d e to x ic a t io n  o f the to x ic a n t .  
Thus, more growth was obtained a t the l e v e l  o f  200 ppm In the second 
experiment and at the l e v e l  o f  200 and 400 ppm in  the th ird  one when
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p la n ts  were assayed 15 days fo l lo w in g  the treatm ent (Tables 10 and 
1 1 , r e s p e c t i v e l y ) .
In an attempt to  a ssa y  V ita v a x -tr e a te d  p la n t s ,  R. s o la n i  was 
used as a t e s t  organism. I n h ib i t io n  zones in  a s in g le  experiment  
(F igure 20) occurred around p ie c e s  o f  the h y p o co ty ls  when they  were 
assayed 4 days a f t e r  the  treatm ent. However, i n h ib i t io n  zones were 
not e v id en t  when l e a f  d i s c s  were assayed u s in g  e i t h e r  R. s o la n l  or 
U. maydis as t e s t  fu n g i .
The t i s s u e  f i l t r a t e s  b io a s sa y  method gave no in d ic a t io n  o f  the  
system ic  a c t i v i t y  o f  V itav ax . Kirk (1 0 7 ) ,  u s ing  the same tech n iq u e ,  
f a i l e d  to  provide any ev id en ce  o f  i n h ib i t io n  o f  R. s o la n l  growth by 
p la n t f i l t r a t e s .  This worker s ta te d  th a t  f i l t r a t e s  from nontreated  
check p la n ts  in h ib it e d  growth o f  the fungus as much as d id  f i l t r a t e s  
from tr e a te d  p la n t s .  On the o ther  hand, Allam (4) claim ed th at t i s s u e  
f i l t r a t e s  from germ inating c o tto n se e d s  t r e a te d  w ith  V itavax at 2 , 4 ,  
and 8 oz /100  lb  in h ib it e d  the growth o f  R. s o la n i  when the f i l t r a t e s  
were obta ined  72 hours a f t e r  the treatm en t. In a b io a ssa y  method u s in g  
U. maydis as a t e s t  organism, Edgington e t  a l  (54) demonstrated th a t  
t h i s  compound decomposed com p lete ly  w ith in  10-30 days fo llo w in g  I t s  
a p p l ic a t io n  to  normal s o i l .  Allam (4) d e te c te d  V itavax  chromatograph1- 
c a l l y  in  the sap o f  germ inating c o tto n se e d s  5 days fo l lo w in g  seed  
treatm en t. However, a f t e r  10 days , he was not ab le  to  d e t e c t  I t  in  
ap p rec iab le  amounts ( i . e .  sp o ts  were o f  low i n t e n s i t y  a f t e r  10 d a y s ) .  
This worker a t tr ib u te d  h i s  r e s u l t s  to  one or more o f  the fo l lo w in g  
p o s s i b i l i t i e s :  (a) The fu n g ic id e  was m etabolized  to  some e x te n t  a f t e r
10 days, or (b) the fu n g ic id e  was n on extractab le  a f t e r  10 Jays. Chin
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and Stone (24) demonstrated the uptake and tr a n s lo c a t lo n  o f  Vitavax In 
barley  and wheat se e d l in g s  fo llow in g  seed treatm ent, they s ta te d  th a t  
con cen tra tion s in ppra o f  res id u es  in  the p lant t i s s u e s  were d i lu te d  
s i g n i f i c a n t ly  by p lant growth. Furthermore, lack  o f a s u f f i c i e n t l y  
s e n s i t iv e  organism could be c i t e d .  As w i l l  be d iscu ssed  l a t e r ,  strong  
evidence o f  the system ic a c t i v i t y  o f Vitavax was obtained . The fo r e ­
going d is c u ss io n s  might ex p la in  the f a i lu r e  in  obta in ing  r e l ia b le  data  
in the b ioa ssa y  methods d iscu ssed  in  t h i s  rep ort.
According to  Dimond e t  a l  (47) and Cremlyn (2 7 ) ,  i f  a g iven  
chemical Is  to  be an e f f e c t i v e  system ic fu n g ic id e ,  the fo llow in g  c r i t e r i a  
must be s a t i s f i e d :
1. The compound must be capable o f  being taken up by the roots  
or lea v e s  o f  the p lant and then be tr a n s lo c a te d .
2. The compound must act d i r e c t ly  upon the pathogen by v ir tu e  o f  
i t s  fu n g ito x ic  p r o p e r t ie s .
3 . The compound must have very low p h y to to x ic i ty .
4. The compound must remain unchanged in  the h o s t .
The r e s u l t s  o f  in  v i t r o  s tu d ie s  by Katznelson and Sutton (106),  
and Morgan and Goodman (119) showed that sev era l a n t i b io t i c s  suppress  
the growth o f  pathogenic fu n g i,  and i t  was, th e r e fo r e ,  assumed that  
d ir e c t  a c t io n  o f  the a n t ib io t i c  a lso  accounted for  the an tifu n ga l  
a c t i v i t y .  Wain and Carter (175) s ta te d  th at one would expect system ic  
a c t io n  to  in vo lve  p en e tra tio n  o f  the p lan t  surface  and movement to  a 
s i t e  o f  a c t io n  and th a t ,  for  a system ic compound p o sse ss in g  in  v i t r o  
a c t i v i t y ,  t h i s  s i t e  o f  a c tio n  may w e ll  be the s i t e  o f  in f e c t io n .  Dimond
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(46) s ta te d  that the d ir e c t  a c t io n  o f the system ic compound i s  Judged 
on the b a s i s  o f  i t s  in  v i t r o  a c t i v i t y .
The second c r i t e r io n  i s  met as shown by the r e s u l t s  o f  the in  
v i t r o  s tu d ie s  (Tables 12, 13, 14 , 1 5 ) .  Data obtained from incorporating  
variou s r a te s  o f  Benomyl, T errazo le ,  or Vitavax in to  a PDA medium 
revealed  th a t  a l l  o f  them acted d i r e c t l y  in  c o n tr o l l in g  the soresh in  
fungus, R. s o l a n l .
Grow-out s tu d ie s  showed that a l l  fu n g ic id es  trea ted  in t h i s  report  
are fu n g is t a t ic  rather  than merely fu n g ito x ic .
V o l a t i l i t y  s tu d ie s  were conducted with Benomyl, T errazo le ,  and 
V itavax to  determine i f  to x ic  vapors could be an important fa c to r  in  
the r e s u l t s  obtained in  both laboratory  and greenhouse. R esu lts  showed 
that the vapors o f  Benomyl and V itavax, i f  any, are not harmful in  any 
way to  the growth o f R. s o l a n i . Based on th ese  r e s u l t s ,  the data pre­
sented in t h i s  report concerning co n tro l  o f R. so la n i  by system ic  
a c t io n  o f th ese  two compounds in  both greenhouse and f la s k  techniques  
seem quite  v a l id  ( i . e .  they were brought about by the system ic a c t i v i t y  
o f  th ese  two compounds and not by the vapor pressure  o f  the compounds. 
Furthermore, r e s u l t s  o f  assay ing  p la n ts  tre a ted  with e i t h e r  compound 
in d ica ted  that they were absorbed and tra n s lo c a te d  w ith in  the p lan t  
body.
V o l a t i l i t y  s tu d ie s  with T errazo le , however, revea led  th at the  
vapors from t h i s  compound have a to x ic  e f f e c t  on the fungus growth in  
v i t r o . According to  th ese  r e s u l t s ,  one may a n t ic ip a te  that the data  
on c o n tr o l l in g  R. so la n l  In both the greenhouse and the laboratory  which 
are reported in  Tables 3 and 7 were p a r t i a l l y  or perhaps e n t i r e ly  due
I l l
to the toxic effect of Terrazole vapor on the growth of the fungus 
rather than to the systemic action of this compound in cotton seed­
lings. In the case of Terrazole, its vapor pressure at the tempera­
ture of the experiment was sufficient to be toxic to the test organism. 
Results from the bloassay experiments of Terrazole-treated cotton 
seedlings showed that growth of the test fungus, P. debaryanum, was 
inhibited when plated on agar containing filtrates from cotton seed­
lings treated with various rates of the compound. These results 
demonstrated that Terrazole was probably taken up by the roots of 
cotton seedlings and remained in filtrates of their macerated tissues.
It is still questionable whether the effect of tissue filtrates was 
brought about by the fungitoxic effect of the compound itself or by a 
compound related to it.
Results from both the flask technique and the greenhouse technique 
coupled with those obtained by assaying treated cotton seedlings with 
either Benomyl, Terrazole, or Vitavax indicate that these compounds 
were absorbed by plant roots, translocated throughout plant tissues 
and then acted from within the plant to nullify Infections by R. solanl. 
These results meet the first criterion suggested by both Dimond et al
(47) and Cremylon (2 7 ) .
The chromatographical assays were carr ied  out in  an attempt to  
f ind  a c lu e  to  the qu estion  o f  whether or not Benomyl and Vitavax  
remain s ta b le  in  the h ost  p lan t fo llow in g  th e ir  entran ces . (Dimond 
e t  a l  (47) and Cremlyn (27) s ta te d  in  t h e ir  c r i t e r io n  for  an e f f e c t i v e  
system ic compound that the compound must remain unchanged in  the host.)
R esu lts  obtained from assaying Benomyl-treated p lant e x tr a c ts  by 
t h in - la y e r  chromatography (Table 16) showed that on each chromatogram
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and under a l l  the so lv en t  systems used (Figures 2 5 -2 8 ) ,  there la  a 
spot with an Rf value corresponding to  that o f  the pure chem ical.
These r e s u l t s  a scer ta in ed  the uptake and tr a n s lo c a t io n  o f the fu n g ic id e  
w ith in  co tto n  se e d l in g s  fed with the chemical through r o o ts .
No sp ots  o f  any form occurred on any chromatogram under a l l  the  
so lv e n t  systems when e x tr a c ts  from nontreated p lan ts  were chromato­
graphed. This Is  another in d ic a t io n  th at the spot obtained from 
e x tr a c ts  o f trea ted  p lan ts  were due to  the presence of Benomyl in  
trea ted  p lant t i s s u e s .
The fa c t  that only one spot was obtained from the e x tr a c ts  o f  
tre a ted  p la n ts  in d ic a ted , for the f i r s t  t im e, that degradation, or 
breaking down, o f Benomyl does not take p lace  w ith in  the p lant body 
a f t e r  i t  has entered the h o s t .  Based on the r e s u l t s  reported in  
Table 16, the fu n g ic id e  i s  e v id e n t ly  taken up and tra n s lo ca ted  in  i t s  
o r ig in a l  form.
In view o f  the above mentioned r e s u l t s  and according to  the r e s u l t s  
obtained from b ioa ssa y in g  the chromatographica1 sp ots  (Figure 29 and 
Table 17), Benomyl was not m etabolized by the cotton  s e e d l in g s .
Apparently i t  remained unchanged w ith in  the p lant t i s s u e s ;  th e re fo re ,  
Benomyl met the fourth  requirement o f  system ic compounds suggested by 
Dimond e t  a l  (4 7 ) .  S im ilar  r e s u l t s  were obtained by Crowdy, Grove, 
and Pramer (28) who i d e n t i f i e d  streptom ycin chrom atographically  in  
trea ted  p la n ts  in  con cen tra tion s to x ic  to  the pathogen. Rudd-Jones 
e t  a l  (146) demonstrated the uptake o f  sulfonamides In to  p la n ts  by 
d e te c t in g  su lfan ilam id e  chrom atographically  in  the lea v e s  o f  broad bean 
p la n ts  tre a ted  through the r o o ts .  6-A zauracll shows system ic a c t i v i t y
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in  cucumber p la n ts  fo llow in g  root a p p l ic a t io n  and has been d e tec ted  
chrom atographically w ith in  the a e r ia l  t i s s u e s  o f  tre a ted  p la n ts  (4 2 ) .
E xtracts  o f V ita v a x -trea ted  p la n ts  were a lso  te s te d  by chroma­
tography. Data in  Table 18 show that with the exception  o f  methanol, 
a l l  the so lv en t  systems used developed more than one spot on the 
chromatograms (F igures 30 -33 ) .  Among these  severa l spots on each  
chromatogram there i s  one spot which has an Rf value c lo s e l y  corre­
sponding to  that o f  pure V itavax. The correspondence between va lues  
o f  trea ted  p lan t e x tr a c t s  and those  o f  the pure compound togeth er  with  
the absence o f  spots from e x tr a c ts  o f  untreated p la n ts  su ggests  the 
presence o f  V itavax in  the e x tr a c ts  o f  trea ted  p la n ts .  This demon­
s t r a t e s ,  moreover, th a t  V itavax was absorbed by p lant roots  and tra n s­
located  upward to the stems and le a v e s .
The presence o f  the other spots on most o f the chromatograms 
su ggests  th a t some o f  the absorbed Vitavax was broken down to  some 
other compounds which have Rf va lu es  d i f f e r in g  from that o f  pure 
V itavax. Degradation o f  Vitavax was reported by Chin and Stone (23) 
and by Allam ( 4 ) .  B io lo g ic a l  degradation was a ls o  reported by 
Edgington e t  a l  (5 4 ) .  Allam (4) obtained sev era l sp ots  when he chromato­
graphed e x tr a c ts  from 5- and 10-day-old  se ed lin g s  grown from co tto n  seeds  
trea ted  with the compound. R esu lts  obtained in  th is  report are s im ila r  
to  those obtained by Chin and Stone (23) and Allam ( 4 ) ,  although the 
Rf va lues o f  the reported r e s u l t s  do not agree e i t h e r  w ith  those  
obtained by the former worker or w ith  those o f  the l a t t e r  one. I t  
was sta ted  th at Rf va lu es  vary from time to  time and lab to  lab even 
when the same system i s  employed (23) and are g e n e ra lly  considered to
1X4
be u n r e l ia b le  w ith  which to  compare r e s u l t s  o f  d i f f e r e n t  workers. I t  
should be mentioned, though, th a t  Chin and Stone (23) reported  th a t  
two degradant compounds have the same R^  va lue  in  methanol as th a t  o f  
pure V ltavax . This I s  probably In agreement, In s p i t e  o f  the d i f f e r ­
ence In Rf v a lu e s ,  w ith  the r e s u l t  reported in  Table 18 us ing  methanol 
as a s o lv e n t .  Perhaps the s i n g le  spot obtained  from e x tr a c t s  o f  tre a ted  
p la n ts  when methanol was used as a so lv e n t  Include pure V ltavax  and two 
other  degradant compounds.
The i d e n t i f i c a t i o n  o f  sp o ts  o ther  than those  corresponding to  
pure V ltavax was n e g le c te d  in  t h i s  rep o rt .  The id e n t i t y  o f  s im i la r  
sp o ts  are found In the rep ort o f  Chin and Stone (2 3 ) .
R esu lts  obta ined  by chromatography (Tables 1.6 and 18) gave fu rth er  
ev id en ce  th a t  a chemotherapeutic agent was in vo lved  in  the c o n tr o l  o f  
R. s o la n l  by Benomyl and V ltavax in  both greenhouse and la b o ra to ry  
experim ents.
SUMMARY
In d irec t  evidence o f  the system ic chemotherapeutic a c t i v i t y  o f  
Benomyl and Terrazole aga inst  R. so la n !  in  co tto n  se ed lin g s  was 
obtained by growing se ed lin g s  in  aqueous suspensions o f  each o f  
the two compounds. The t e s t s  were conducted in  the laboratory , 
with the f la s k  technique.
Under laboratory c o n d it io n s , the above mentioned t e s t s  revealed  
that Benomyl com pletely  c o n tro l led  It. so la n i  at con cen tra tion s as 
low as 5 ppm. Terrazole , te s ted  in  the same manner, gave complete  
p r o tec t io n  a g a in s t  the same pathogen at concen tra tion s as low as 
40 ppm.
S o i l  treatment t e s t s  in  the greenhouse provided other  in d ir e c t  
evidence o f  the system ic chemotherapeutic a c tio n  o f  Benomyl, 
T errazo le , and Vltavax aga in st  R. so la n i  in  co tton  s e e d l in g s .
Benomyl’ s chemotherapeutic a c t i v i t y  s ta r ted  at a con cen tra tion  
o f  10 ppm. Almost complete p r o tec t io n  was achieved at 40, 80, and 
160 ppm.
Vltavax gave a s i g n i f i c a n t ly  higher percentage o f  hea lthy  
se e d l in g s  at a r a te  o f  12.5  ppm than did the c o n tr o l .
R esu lts  o f  t e s t in g  Terrazole in  s o i l  treatment t e s t s  in  tha 
greenhouse Indicated  that high amounts o f  t h i s  fu n g ic id e  are  
required to bring about the s a t i s f a c t o r y  p r o tec t io n  o f  co tto n  
se e d l in g s  aga in st  R. s o l a n i . The b e s t  co n tro l  was obtained a t
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4. With the excep tion  o f  T errazole, the e f f i c i e n c y  o f  th ese  compounds 
as system ic fu n g ic id es  Improved with in creas in g  c o n c en tr a t io n s .
5. T errazole , when te s te d  by the aqueous method and as a s o i l  t r e a t ­
ment, was h igh ly  phytotoxic  to co tto n  s e e d l in g s .  The symptoms 
were severe  s tu n tin g  and poor root development which occurred at  
concen trations o f  80, 160, 320, and 640 ppm in  the greenhouse s o i l  
t e s t s  and at a l l  concen tra tion s used in  the aqueous method.
6. Cotton se e d l in g s  grown in  V itava x-trea ted  s o i l  were moderately  
stunted a t the ra te s  o f  30, 100, 200, and 400 ppm. Seed ling  
roots  were normally developed, but the tap roots o f  treated  p lan ts  
were s i g n i f i c a n t ly  sh orter  than those o f  nontreated p la n ts .
7 . No v i s i b l e  p h y to to x ic ity  was n oticed  on Benomyl-treated co tton  
se ed lin g s  in  the greenhouse when they were fed through the roots  
with the compound at con cen trations up to 160 ppm. However, 
when roots  o f  the se e d l in g s  were immersed in  aqueous suspensions  
at con cen tra tion s o f  100, 200, and 400 ppm, p h y to to x ic i ty  occurred  
as c o n s tr ic te d  areas on the h yp ocoty ls .
8. D irect ev idence o f  the system ic movement o f  Benomyl, Terrazole ,  
and Vltavax was derived from both b ioassay and chromatographical 
s tu d ie s .  D. gossyp ina , P. debaryanum, and R. so la n i  were used as 
t e s t  organisms to d e te c t  the presence o f  Benomyl, T errazo le , and 
Vltavax, r e s p e c t iv e ly ,  in  the upper parts o f  the r o o t- tr e a te d  
p la n t s .
9* In. v i t r o  s tu d ie s  with Benomyl, T errazo le , and Vltavax incorporated  
se p a r a te ly  in PDA in d ica ted  that they acted d ir e c t ly  a g a in s t  R. 
s o la n i .
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10. Chromatographical s tu d ie s  with Benomyl and Vltavax revealed  th at,  
Benomyl was not m etabolized and did not undergo degradation in  the 
plant t i s s u e s  for at l e a s t  10 days fo l lo w in g  I t s  a p p l ic a t io n  to  
the s o i l .  V ltavax, on the other hand, seemed to break down to  
d i f f e r e n t  compounds when I t  was t e s te d  5 days fo llow in g  the t r e a t ­
ment.
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